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Executive  Summary 


RESTORATION  OF  ROUGH  FESCUE  GRASSLAND  ON  PIPELINES  IN 
SOUTHWESTERN  ALBERTA 


This  research  evaluated  the  effects  of  pipeline  construction  and  reclamation  techniques 
on  the  restoration  of  rough  fescue  plant  communities  following  pipeline  construction  in 
the  Foothills  Fescue,  Foothills  Parkland,  and  Montane  natural  subregions  of  southwestern 
Alberta.  The  right-of-way  (ROW)  sites  had  varying  degrees  of  rough  fescue  grassland 
growth  and  higher  proportion  of  introduced  grasses  and  forbs  than  the  adjacent 
undisturbed  grasslands.  The  ROW  sites  also  had  less  topsoil,  higher  clay  content,  more 
bare  soil,  less  plant  litter,  and  reduced  range  health  scores.  The  factors  that  most 
contributed  to  the  recovery  of  rough  fescue  grassland  were  post-growing  season  pipeline 
construction,  between  August  and  March,  and  minimum  disturbance  trench-only 
stripping.  Seeding  may  not  be  the  best  method  of  Festuca  campestris  revegetation  as 
there  was  little  correlation  between  the  rate  it  was  seeded  and  the  resulting  cover. 

Festuca  ovina,  Festuca  ovina  var.  duriuscala  and  Festuca  saximontana  cultivars 
succeeded  in  establishment  following  seeding,  persisted  over  time,  infiltrated 
neighbouring  grassland,  and  may  have  inhibited  natural  recovery  of  native  grasses  and 
forbs.  The  soil  heating  of  large  diameter  pipe  could  affect  vegetative  growth  owing  to 
grazing  pressure,  by  attracting  grazing  ungulates  to  early  greening  vegetation  in  the 
spring  and  late  senescence  in  the  fall.  The  passage  of  time  did  not  necessarily  result  in 
better  recovery  of  rough  fescue  grassland;  reclamation  techniques  appeared  more 
important. 
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1.0  Background  and  Introduction 

This  report  summarizes  the  master’s  degree  project,  “Restoration  of  rough  fescue 
grassland  on  pipelines  in  southwestern  Alberta”,  by  Peggy  Ann  Desserud.  The  master’s 
degree  report  addressed  the  question,  “will  rough  fescue  grassland  recover  following  a 
major  disturbance  such  as  pipeline  construction,  particularly  in  the  Foothills  Fescue, 
Foothills  Parkland  or  Montane  natural  subregions?” 

The  objectives  of  the  project  were: 

To  examine  the  development  of  plant  communities  following  pipeline 
disturbance  and  assess  if  revegetation  has  resulted  in  the  restoration  of 
rough  fescue  plant  communities. 

To  evaluate  the  effects  of  pipeline  construction  and  reclamation  techniques 
on  the  restoration  of  rough  fescue  plant  communities  following  pipeline 
construction. 

- To  develop  recommendations  for  improvements  to  Alberta  provincial 
minimal  disturbance  guidelines  for  the  Foothills  Fescue,  Foothills 
Parkland,  and  Montane  natural  subregions  of  southwestern  Alberta  to  be 
provided  to  Alberta  Sustainable  Resource  Development  (SRD),  Public 
Lands  and  Forests  Division,  Rangeland  Management  Branch. 

As  of  2004,  over  330,000  kilometres  of  buried  pipeline  underlie  the  province  of  Alberta 
(Adams  et  al.  2005).  The  majority  of  these  pipelines  are  associated  with  oil  and  gas 
development,  long,  linear  disturbances  that  usually  require  revegetation.  In  the  Alberta 
southwestern  foothills,  much  of  the  area  is  rangeland  used  for  cattle  grazing  and  has  not 
been  cultivated,  owing  to  the  rolling  topography,  which  makes  automated  cultivation 
difficult.  This  has  resulted  in  large  tracts  of  native  grassland  in  the  area,  considered 
environmentally  significant  for  plant  and  animal  biodiversity  and  cattle  and  ungulate 
forage  value  (Grime  1977,  Van  Ham  1998,  Alberta  Energy  and  Utilities  Board  2003,  and 
Stout  et  al.  1981).  Fescue  grassland  bunch  grasses  contribute  to  the  Foothills  watershed 
through  water-trapping  capability  and  soil  stabilization,  and  the  large  amount  of  fallen 
litter  adds  to  carbon  sequestration  of  organic  matter  (Naeth  1985,  Thacker  1989,  and 
MacKenzie  and  Stewart  1990).  Nevertheless,  oil  and  gas  development,  urban  expansion 
and  agriculture  have  resulted  in  the  loss  of  native  grasslands  in  southern  Alberta.  For 
example,  of  the  1.1  million  hectares  in  the  Foothills  Fescue  natural  subregion,  only 

250.000  hectares  or  16%  of  native  grassland  remain  (Stout  et  al.  1981). 

Revegetation  techniques  following  surface  disturbance  have  changed  over  time.  Starting 
in  the  late  1960s  and  up  to  the  1980s,  seeding  with  imported  grasses  and  cultivar  such  as 
Agropyron  cristatum  (crested  wheat  grass)  or  Bromus  inermis  (smooth  brome)  was  a 
common  reclamation  and  recovery  practice  in  the  oil  and  gas  industry,  especially  along 
pipeline  routes  (Pawluk  and  Brayrock  1969,  Hamilton  et  al.  2004,  and  Best  et  al.  1971). 
Since  the  1980s,  oil  and  gas  companies  have  included  varying  levels  of  native  seed  in 
their  reclamation  processes,  either  in  compliance  with  Alberta  government  seeding 
requirements  or  on  their  own  volition. 
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Re-establishing  native  plant  communities  can  be  difficult  and  there  are  few  documented 
examples  of  successful  restoration  of  rough  fescue  grassland  following  surface 
disturbances  or  invasion  by  non-native  species  (Tyser  and  Worley  1992,  Moss  and  Packer 
1994,  and  Willoughby  and  Alexander  2005).  Revel  (2004)  and  Petherbridge  (2004) 
indicate  some  success  in  transplanted  rough  fescue  grassland  sod.  Adams  et  al.(2004) 
demonstrated  success  in  restoration  of  Mixed  Grass  grassland  on  small  diameter  pipelines 
using  “no  strip”  construction.  The  long  establishment  time  of  native  perennial  grasses 
like  Festuca  campestris  Rybd.  (rough  fescue),  from  three  to  five  years,  and  the  little 
understood  ecology  of  associated  forbs  and  grasses  are  some  of  the  factors  affecting  the 
successful  revegetation  of  disturbed  native  grasslands  to  their  natural  state  (Jongman  et 
al.  1987,  Alberta  Energy  and  Utilities  Board  2004a,  Cooper  and  Huffaker  1997, and  Gitay 
and  Wilson  1995). 

1.1  The  Value  of  Fescue  Grasslands 


Why  is  the  successful  restoration  of  rough  fescue  grasslands  important  and  why  do 
ranchers  and  range  managers  value  rough  fescue,  and  its  associated  plant  communities? 
Well-managed  fescue  grasslands  are  a valuable  resource  for  livestock  production,  which 
is  a significant  economic  factor  in  southwestern  Alberta.  They  are  low  maintenance  and 
highly  productive,  especially  during  the  winter,  when  tame  pasture  ranchers  must  provide 
hay  and  fescue  grassland  ranchers  can  rely  on  native  forage. 

In  the  Black  Chernozem  soils,  forage  production  is  highest  from  the  rough  fescue- 
dominated  communities,  and  declines  with  species  shifts  to  Parry  oatgrass,  Kentucky 
bluegrass  and  sedge.  Forage  yields  tend  to  be  very  stable  in  rough  fescue-dominated 
communities  given  the  deep  rooting  characteristics  of  Festuca  campestris.  The  high 
curability  of  rough  fescue  permits  winter  grazing,  reducing  wintering  costs,  and  making 
grazing  options  more  flexible  for  the  producer.  Rough  fescue  provides  quality  winter 
forage  for  elk  and  high  cover  values  for  a wide  variety  of  wildlife  species  (Adams  et  al. 
2003). 

Rough  fescue  canopy  cover  and  deep  rooting  characteristics  result  in  little  exposed  soil 
and  soil  stability,  providing  protection  from  weed  invasion.  Rough  fescue  communities 
produce  substantial  litter  that  serves  to  conserve  scarce  moisture,  enhance  moisture 
infiltration  and  retention.  A healthy  rough  fescue  range  will  resist  change  caused  by 
grasshoppers  as  it  provides  poor  egg  laying  sites.  Rough  fescue  rangeland  benefits  from 
light  to  moderate,  non-growing  season  grazing,  which  reduces  the  build  up  of  litter  and 
results  in  increased  plant  species  diversity  (Willms  et  al.  1988  and  Adams  et  al.  2003). 

Festuca  campestris  is  the  dominant  or  climax  grass  in  its  native  regions  where  it  may 
grow  almost  to  the  exclusion  of  other  plants  once  established  (Brown  and  Smith  2000, 
Willms  et  al.  1985,  and  Willms  et  al.  1996).  Festuca  campestris  is  densely  tufted,  often 
forming  large  tussocks  up  to  30  cm  in  diameter,  with  stiff  upright  stems  from  30  to  140 
cm  in  height  and  roots  up  to  120  cm  deep  (Luken  1990,  Clements,  1916,  and  DeLuca 
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and  Lesica  1996).  Its  deep  root  structure  makes  it  resistant  to  drought  and  fire  (Pavlick 
and  Looman  1984  and  Lees  1988).  In  addition,  its  growth  begins  early  in  the  spring, 
completed  by  June,  allowing  it  to  use  spring  moisture  for  growth  and  not  requiring  much 
precipitation  during  the  remainder  of  the  growing  season  (Cooper  and  Huffaker  1997). 
Festuca  campestris  plants  cure  on  the  stem,  provide  good  fall  and  winter  forage  and  are 
tolerant  of  winter  grazing  of  last  years  ‘carry-over’  (May  et  al.  1998,  Bertiller  1996  and 
Grime  2001).  The  stiff,  upright  culms  of  Festuca  campestris  are  accessible  to  foragers 
such  as  cattle  and  elk,  even  in  deep  snow. 


Understanding  the  factors  that  enhance  or  diminish  the  restoration  of  Festuca  campestris 
plant  communities  would  contribute  to  the  successful  co-existence  of  oil  and  gas 
development  and  management  of  native  fescue  grasslands  in  the  southern  foothills  of 
Alberta.  To  this  end,  this  project’s  research  assessed  disturbed  areas  where  attempts  were 
made  to  restore  rough  fescue  and  other  native  vegetation  and  analysed  the  factors  that 
contributed  to  the  success  or  failure  of  the  restoration.  These  factors  underscored 
recommendations  for  improving  minimum  disturbance  guidelines  specifically  for  rough 
fescue  grasslands  in  the  Foothills  Fescue,  Foothills  Parkland  and  Montane  natural  sub- 
regions  of  Alberta. 


2.0  Study  Area  and  Sampling  Method 


2.1  Study  Area 

The  study  area  is  located  in  the  eastern  Foothills  of  the  Rocky  Mountains,  between 
Longview  and  Waterton,  Alberta,  Canada,  in  the  Foothills  Parkland,  Foothills  Fescue  and 
Montane  Natural  Subregions.  The  sites  are  situated  between  latitudes  49.317  and  50.55 
north  and  longitudes  1 14.013  and  1 14.28  west,  within  townships  18  and  4 and  ranges  1 
and  3 west  of  the  fifth  meridian. 


Table  2.1.1  Climate  comparisons  for  three  natural  subregions 


Natural  Subregion 

Mean  Daily 
Temperature  (°C) 

Total  Precipitation 
(mm) 

Foothills  Fescue 

4.0 

468 

Foothills  Parkland 

4.5 

614 

Montane 

2.6 

682 

Carbyn  1971 


The  common  features  of  the  three  subregions  are  native  fescue  grasslands  and,  for  the 
most  part,  the  existence  of  Black  Chemozemic  soils.  Annual  precipitation  of  the  study 
sites  varies  from  approximately  470  mm  in  the  Foothills  Fescue  natural  subregion  to  over 
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680  mm  in  the  Montane  subregion  (Table  2.1.1),  versus  less  than  200  mm  found  in  the 
Dry  Mixed  Grass  subregion  to  the  east. 

The  three  subregions  share  the  Chinook  phenomenon,  the  winter  warming  caused  by 
winds  off  the  Rocky  Mountains  (Alberta  Energy  and  Utilities  Board  2002).  Summers  are 
cool,  with  average  temperatures  of  15  to  18°C  in  July  and  August,  and  winters  are  cold, 
with  temperatures  averaging  between  -5  and  -10°C.  Annual  snowfall  averages 
approximately  200  mm. 

2.1.1  Site  Locations  and  Data  Sources 


Pipeline  sites  with  a known  history  of  native  seeding  during  reclamation  were  visited  in 
the  spring  of  2004  to  assess  their  suitability  for  further  study  (Figure  2.1).  The  criteria  for 
choosing  the  sites  were  a pipeline  right-of-way  (ROW)  that  exhibited  a measure  of 
ecological  integrity,  as  defined  by  no  major  equipment  or  grazing  disturbance,  alongside 
native  grassland  with  evidence  of  rough  fescue  and  associated  grasses.  Each  site  consists 
of  one  or  more  pipeline  rights-of-way  situated  in  native  fescue  grasslands  (the  control). 
The  topography  of  each  site  includes  a south-facing  slope,  a level  crest,  and,  if  possible,  a 
level  bottomland. 

GPS  location,  elevation,  aspect,  and  slope  were  measurements  taken  during  field  research 
in  the  summer  of  2004.  Pipeline  location  was  verified  with  pipeline  alignment  sheets 
provided  by  the  pipeline  companies.  Soil  texture  was  determined  by  the  hand  texturing 
method,  mixing  soil  with  water  and  assessing  the  soil  plasticity  and  cohesion  (Meuggler 
and  Stewart  1981  and  Willms  1988). 

The  pipeline  companies  responsible  for  the  construction  and  maintenance  of  the  pipeline 
and  rights-of-way  provided  pipeline  construction  and  reclamation  information  (Figure 
2.2).  These  were  used  to  locate  the  location  of  the  pipeline  in  the  ROW  and  to  obtain 
pre-disturbance  soils  information.  A literature  search  was  the  basis  for  additional  data 
regarding  revegetation  of  disturbance,  pipeline  construction  techniques  and  the  growth 
characteristics  of  Festuca  campestris  and  associated  grasses,  forbs  and  shrubs. 
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Figure  2.1  Location  of  sites  along  pipelines  and  in  relation  to  roads  and  towns 


Figure  2.2  Sample  Pipeline  Alignment  Sheet  Tilman  et  al.  1996 
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Table  2.1.2  Summarized  Site  Descriptions 
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Porcupine NW18-11-1W5  49.941  N 1 14.126  W 1400  1987  Chemozcmic  Bcazcr  Orthic  Black 


Transition 


Figure  2.3  Sampling  Method 


2.2  Sampling 


Field  sampling  occurred  between  June  15  and  August  13,  2004.  A stratified  random 
sampling  technique  targeted  ROW  sites  with  three  topographic  and  hydrologic 
functions:  south-facing  slopes  (sub-mesic  or  semi-moist),  crests  (sub-xeric  or  semi- 
dry) and  bottomland  or  north-facing  slopes  (mesic  or  moist)  (Figure  2.3). 

The  sampling  technique  consisted  of  three  or  four  30  m line  transects  placed  at  each 
location:  one  over  the  pipeline  in  the  right-of-way,  in  the  area  of  the  trench  and  the 
work  side,  one  as  a control  in  the  adjacent  native  grassland,  and  one  on  another 
pipeline  with  a different  treatment  if  one  was  adjacent.  Nested  subplots  (1  m x 1 m) 
were  set  up  at  3 m intervals,  ten  subplots  per  transect.  Within  each  subplot,  a 
Daubenmier  frame  (20  cm  x 50  cm)  provided  the  basis  for  detailed  species  cover 
estimates,  a quarter  meter  frame  for  range  health  (the  level  of  litter,  bare  soil,  mosses 
and  lichens,  and  noxious  weeds)  and  a 1 m x 1 m frame  for  shrub  cover.  Appendix  A 
is  a table  of  conversions  between  Moss  scientific  names,  Moss  common  names  and 
Alberta  Sustainable  Resource  Development  mnemonics. 

In  addition  to  plant  cover  data,  environmental  data  were  collected:  slope  percent, 
aspect,  drainage,  soil  Ah  depth,  soil  texture  and  stoniness.  The  weight  of  fallen  litter 
was  estimated  in  the  field,  using  Alberta  Sustainable  Development  Range  Health 
Assessment  techniques  (Stout  et  al.  1981). 

3.0  Control  and  ROW  Comparison 

The  major  grasses  normally  associated  with  Festuca  campestris  are  included  in  the 
evaluation  of  successful  restoration  and  termed  the  rough  fescue  association: 
Danthonia  parryi,  Festuca  idahoensis,  and  Koeleria  macrantha  (Alberta  Energy  and 
Utilities  Board  2005,  Brown  and  Smith  2000  and  Pahl  and  Smreciu  1999).  In  addition 
to  individual  analysis,  Festuca  campestris  and  Danthonia  parryi  were  paired  as  a 
statistical  variable.  They  normally  occur  concurrently;  however,  Danthonia  parryi 
may  replace  Festuca  campestris  as  the  dominant  grass  in  areas  with  heavy  grazing  or 
where  the  soils  are  shallow  (Grime  2001,  Alberta  Sustainable  Resource  Development 
2004,  Brady  and  Weil  2002,  Mackie  1970  and  Willms  et  al.  1985). 

Grazing  was  not  a focus  of  this  study  since  much  research  has  been  done  on  the  effects 
of  grazing  on  rough  fescue  plant  communities,  e.g.  May  et  al.  1998  and  Mackie  1970. 
In  addition,  although  the  presence  of  elk  is  acknowledged,  an  estimate  of  the  number 
of  elk  and  the  frequency  of  their  visits  was  outside  the  scope  of  this  study. 
Nevertheless,  cattle  and  elk  are  known  to  preferentially  select  right-of-way  sites  for 
grazing,  especially  in  the  spring,  and  this  could  affect  vegetative  growth  (Naeth  et  al. 
1990,  Thackerl989  andMcKim  and  McKim,  personal  communication,  March  2005). 
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3.1  Results  and  Discussion 


All  introduced  species,  including  graminoids,  occurred  in  greater  percent  cover  on  the 
right-of-way.  Conversely,  the  controls  had  more  native  species  including  forbs, 
graminoids  and  shrubs  (Figure  3.1). 


Total  native  Total  Total  native  Total  shrubs  Festuca  Danthonia  Agropyron 

graminoids  introduced  forbs  campestris  parryi  dasystachyum 

graminoids 


Figure  3.1  Control  and  Right-of-way  comparison  showing  average  percent 
cover  of  selected  species  and  groups 


3.1.1  Festuca  campestris  and  Danthonia  parryi 

Festuca  campestris  and  Danthonia  parryi  were  present  on  the  right-of-way,  occurring 
on  47%  and  43%  of  the  ROWs,  respectively,  but  occurred  with  20%  to  50%  less  cover 
than  the  control  plots.  Eleven  of  the  fifty-six  ROW  sites  had  greater  than  5%  cover  of 
Festuca  campestris  and  Danthonia  parryi;  and,  of  those,  six  showed  a statistical 
similarity  to  their  controls,  considered  the  best  recovered  sites.  Without  further 
disturbance,  these  ROW  sites  will  probably  continue  in  a successional  trend  towards 
rough  fescue  grassland. 

The  proximity  of  undisturbed  grassland  is  one  of  the  factors  that  probably  contributed 
to  the  success  of  four  of  the  best  recovered  sites,  allowing  for  natural  recovery.  This  is 
in  keeping  with  findings  of  Hammermeister  (2001)  and  Van  Ham  (1998)  of  natural 
recovery  on  pipelines  and  well  sites.  The  other  two  sites,  both  on  the  Waldron 
Porcupine  pipeline,  also  showed  evidence  of  natural  recovery,  with  the  largest  amount 
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of  native  forbs  of  any  ROW  (26  and  42%  cover).  In  this  case,  the  recovery  may  have 
occurred  with  the  assistance  of  four  newer  pipelines  in  the  same  right-of-way,  which 
possibly  attracted  cattle  grazing  away  from  the  Waldron  Porcupine  pipeline,  especially 
in  the  spring,  when  new  seedlings  are  most  vulnerable  (Thackerl989  and  McKim  and 
McKim,  personal  communication,  March  2005). 

3.1.2  Agropyron  dasystachyum  and  Agropyron  smith ii 


The  abundance  of  Agropyron  dasystachyum  and  Agropyron  smith'd,  on  the  ROW  sites, 
is  in  line  with  Osterman’s  (1997)  findings  that  the  pipeline  trench  zone  of  a ROW 
favours  rhizomatous  grasses.  Agropyron  dasystachyum  was  evenly  distributed 
between  the  controls  and  right-of-way,  which,  might  indicate  it  neither  hinders  nor 
helps  the  development  of  Festuca  campestris  and  other  native  grasses.  On  the  other 
hand,  the  specific  occurrence  of  Agropyron  smithii  on  sites  with  little  Festuca 
campestris  and  other  native  grasses  could  indicate  it  hampers  their  growth.  In  any 
event,  these  wheat  grasses  are  mid-seral  and  could  rapidly  colonize  a disturbed  site. 
This  study  has  insufficient  data  regarding  these  wheat  grasses  to  draw  definite 
conclusions. 

3.1.3  Introduced  grasses  and  forbs 


The  pipeline  ROW  sites  had  a higher  proportion  of  introduced  grasses  and  forbs  than 
the  adjacent  undisturbed  grasslands,  confirming  other  reports  of  disturbance  recovery 
(Prairie  Seeds  2004,  Harper  and  Kershaw  1997,  Bradley  2003  and  Van  Ham  1998). 
Festuca  ovina  was  the  predominant  introduced  grass  on  40%  of  the  ROW  sites,  a 
product  of  the  seed  mixes,  and  showed  evidence  of  strong  establishment,  with  little 
incursion  of  native  species  from  the  adjacent  grasslands,  probably  prevented  by  the 
Festuca  ovina  cover. 

All  the  occurrences  of  Bromus  inermis  and  Poa  pratensis  were  on  both  the  ROW  and 
the  adjacent  control,  and  neither  species  was  part  of  the  seed  mixes.  This  means  they 
encroached  onto  the  ROW  from  the  control,  were  exposed  from  the  seed  bed  during 
ROW  stripping,  or  may  have  arrived  with  straw  used  for  erosion  control.  Those  sites 
with  a dominance  of  Bromus  inermis  and  Poa  pratensis  will  probably  continue  to  be 
so,  given  the  aggressive  nature  of  both  of  these  rhizomatous  grasses  (Lees  1988). 


3.1.4  Weeds 


The  only  noxious  weeds  found  during  the  sampling  were  Cirsium  arvense  and 
Chrysanthemum  leucanthemum  (only  at  the  Screwdriver  Creek  site).  Aside  from  the 
Longview  site  (13%  cover  of  Cirsium  arvense)  neither  weed  occurred  in  greater  than 
5%  cover.  In  some  locations,  Cirsium  arvense  appeared  in  isolated  clumps  on  the 
edge  of  the  ROW,  usually  in  moist  depressions.  Weed  control  programs  of  the 
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pipeline  companies  may  have  eliminated  Cirsium  arvense  from  the  ROW;  however, 
with  their  land  access  restricted,  their  programs  would  not  extend  into  adjacent 
grassland  (Anonymous,  personal  communication,  June  2004).  This  could  account  for 
the  presence  of  Cirsium  arvense  close  to,  but  not  on  the  ROW. 

3.1.5  Topsoil  Depth 


All  but  three  of  the  study  sites  were  originally  black  Chemozemic  soils;  therefore,  the 
topsoil  would  be  expected  to  average  between  10  and  20  cm  (Neilsen  et  al.  1990  and 
Alberta  Energy  2004).  In  this  study  topsoil  averaged  17.2  cm  in  the  controls,  and  7.4 
cm  in  the  ROW  sites.  This  difference  is  consistent  with  studies  on  the  effects  of 
pipeline  construction  on  soils,  mainly  due  to  the  mixing  of  subsoil  with  topsoil 
(Arychuk  2001,  Beetle  1980,  Mutrie  and  Wishart  1989  and  Aiken  and  Lefkovitch 
1984).  For  the  most  part,  deeper  topsoil  occurred  on  control  sites  than  on  ROW  sites 
(Table  3.1.1). 

3.1.6  Soil  Texture  and  Stoniness 


Most  of  the  sites  were  loamy,  tending  to  clay  loam  or  clay  on  the  ROW  sites.  The 
only  sites  with  silty  loam  were  controls.  This  is  consistent  with  the  findings  of 
Naeth  et  al.  ( 1978)  that  pipeline  construction  causes  an  increase  in  clay  content  of 
surface  material  and  a decrease  in  silt,  a result  of  clay  from  the  B and  C horizons  being 
incorporated  into  the  A horizon  (McKeague  1978). 

Of  interest  is  the  stoniness  of  the  controls,  which  averaged  moderately  stony,  varying 
from  non-stony  to  exceedingly  stony.  This  might  indicate  that  rough  fescue 
association  grasses  tolerate  rough  surface  conditions,  while  more  uniform  surfaces 
attract  invasive  species  such  as  Poa  pratensis.  Personal  observations  of  the  recovery 
of  Festuca  campestris  on  cut  blocks  left  in  rough  condition  would  uphold  this 
supposition  (Personal  observation,  June  2004). 


Table  3.1.1  Topographical  variables  sorted  between  controls  and  ROW 
sites,  showing  the  results  tested  by  Mann-Whitney  U-tests  (S.D.  = 
standard  deviation). 


Variable 

Controls  (n=37) 
Mean  S.D. 

ROW  (n=56) 
Mean  S.D. 

P 

Ah  depth  (cm) 

17.2 

5.6 

7.4 

8.9 

<0.001 

Stoniness1 

1.6 

1.2 

2.2 

0.9 

0.066 

Bare  soil  % 

10.8 

10.0 

25.7 

17.4 

<0.001 

Range  health  score 

73.7 

16.5 

39.8 

20.1 

<0.001 

Litter  (kg/ha) 

223 

169 

147.6 

151.4 

0.012 

'Stoniness:  0=non-stony,  l=slightly,  2=moderately,  3=very,  4=exceedingly 
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4.0  Plant  Communities 


4.1  Classification  and  Ordination 

TWIN  SPAN  and  detrended  correspondence  analysis  (DC  A)  were  used  to  determine 
the  composition  of  plant  communities  in  the  study  data.  DCA  arranges  species  or 
plots  in  three  dimensions  (along  three  axes)  according  to  implicit  environmental 
gradients  (Figure  4.1).  The  proximity  of  plot  points  indicates  similarity  in  species' 
composition  and  the  spacing  of  species'  points  along  the  axes  indicates  associations 
between  species  and  environmental  gradients  (Weaver  and  Clements  1938).  Five  plant 
communities  resulted  from  the  classification  and  ordination  analyses:  Poa pratensis, 
Festuca  campestris,  Poa  compressa,  Festuca  ovina,  and  Bromus  inermis. 
Environmental  variables  were  correlated  with  the  DCA  axes  to  determine  which  ones 
might  have  affected  the  grouping  of  the  sites  into  plant  communities  (Figure  4.1).  Ah 
horizon  depth,  range  health  and  litter  increased  along  Axis  1 , corresponding  to  the 
placement  of  plant  communities  P.  pratensis,  F.  campestris , and  P.  compressa. 

The  objective  of  classifying  the  sample  data  was  to  evaluate  the  study  sites  in  terms  of 
their  similarity  to  rough  fescue  grassland.  The  features  of  rough  fescue  grassland  are: 
a dominance  of  Festuca  campestris  and/or  Danthonia  parry i 

- varying  degrees  of  Festuca  idahoensis,  Koeleria  macrantha, 

Agropyron  sp.  and  Stipa  sp. 

native  forbs,  such  as  Geum  triflorum , Galium  boreale,  Lupinus  sericeus 

- occasional  shrubs,  e.g.  Symphoricarpos  occidentalism  Rosa  acicularis, 
Potentilla  fruticosa  (Brown  and  Smith  2000,  Willms  et  al.  1985, 

Willms  et  al.  1996,  and  Stout  et  al.  1981). 


Moisture  regime:  1 = sub-xeric,  2 = sub-mesic,  3 = mesic 

Figure  4.1  DCA  Diagram  with  plant  communities  and  environmental 
variable  trends,  Axes  1 and  2. 
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Figure  4.2  Sample  Poa  pratensis  community  (Carbondale  bottomland  ROW) 
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4.2  Poa  pratensis 


The  Poa  pratensis  community  was  a modified  grassland  community  with  40% 
introduced  species.  The  majority  of  the  sites  were  in  the  Foothills  Parkland  natural 
subregion,  including  ten  on  the  same  pipeline  (built  in  1998),  in  different  locations, 
three  (Waldron  Porcupine)  in  the  Foothills  Fescue  natural  subregion  and  two 
(Screwdriver  Creek)  in  the  Montane  subregion.  Festuca  campestris  and  Danthonia 
parryi  were  present,  although  in  less  than  2.5%  average  cover,  and  they  occurred  in 
only  four  of  the  ROW  sites.  Sixty  percent  of  the  sites  were  bottomlands  or  north- 
facing, with  clay  to  sandy  clay  loam  texture,  and  were  moderately  drained,  which 
probably  accounts  for  the  presence  of  P.  pratensis  and  B.  inermis  and  the  variety  of 
forb  cover.  The  moisture  conditions  may  also  account  for  the  low  abundance  of 
Festuca  campestris  and  Danthonia  parryi.  The  P.  pratensis  community  is  on  a 
successional  trend  towards  being  a modified  plant  community,  the  result  of  pipeline 
reclamation  and  possible  overgrazing.  The  ROW  sites  did  not  resemble  rough  fescue 
grassland,  and  the  adjacent  grassland  had  probably  been  modified  by  species  from  the 
ROW,  e.g.  Agropyron  dasystachyum . 

Soil  exposure:  13%  (0-45)  Moss/Lichen  Cover:  1%  (0-10)  Total  Vegetation:  80%  (48-123) 


Plant  Composition 

% Cover 
(Constancy) 
S.D. 

Site  Description 

Mean  (minimum-maximum) 
n=25 

Shrubs 

5.6(7)9 

Percent  ROW: 

64%  (14  ROW,  1 1 controls) 

Rosa  arkansana 

2. 0(3)4 

Percent  Native: 

60% 

Symphoricarpos  occidentalis 

1. 0(2)3 

Diversity  Index: 

3.4 

** 

* 

Graminoids 

76(100)14 

Litter  (kg/ha): 

230  (34-770) 

Poa  pratensis 

17.0(9)13 

Range  health: 

56%  (16-83%) 

Agropyron  dasystachyum  * 

4.0(8)6 

* 

Bromus  inermis 

3. 8(6)4 

Soil  texture: 

Clay  Loam 

Festuca  idahoensis  * 

3. 6(6)4 

Soils: 

Orthic  Black  Chemozemic 

Phleum  pratense 

2. 9(6)5 

Elevation  (m): 

1497(1267-1570) 

Festuca  campestris  * 

2. 2(6)4 

Danthonia  parryi 

2. 0(6)2 

Moisture  regime: 

Sub-xeric  to 

mesic 

* 

Forbs 

33(100)12 

Slope: 

Level  to  very  strong  (0-34%) 

Taraxacum  officinale 

8.0(7)13 

Achillea  millefolium 

3.1(10)3 

Aspect: 

varied 

Galium  boreale 

2. 8(8)3 

Geranium  viscosissium 

1. 4(2)4 

Potentilla  gracilis 

1. 5(7)2 

Artemisia  ludoviciana 

1.1 (3)3 

Note:  * indicates  species  were  in  the  pipelines’  seed  mixes  (see  Appendix  B) 
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Figure  4.3  Sample  Festuca  campestris  community  (North  Creek  crest 
control) 
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4.3  Festuca  campestris 


The  Festuca  campestris  community  was  a native  grassland  community  with  a 
graminoids,  forb  and  shrub  structure.  It  was  the  largest  grouping,  made  up  of  24 
sites,  most  of  which  were  controls,  with  60%  of  its  sites  in  the  Foothills  Fescue, 
30%  in  the  Foothills  Parkland  and  10%  in  the  Montane.  The  F.  campestris 
community  was  the  closest  in  species  composition  to  the  rough  fescue  grassland.  It 
had  the  highest  species  diversity  score:  3.6.  This  community  has  the  second 
deepest  topsoil,  with  a mean  depth  of  14  cm.  It  was  comprised  predominately  of 
controls  (79%),  which,  would  consist  of  undisturbed  grassland  with  normal  topsoil 
depths  of  between  10  and  20  cm.  This  community  has  the  structure  of  late-seral 
rough  fescue  grassland:  native  grasses,  forbs  and  shrubs,  with  a mean  health  range 
health  score  of  75%.  The  four  ROW  sites  were  the  closest  in  recovery  to  rough 
fescue  grassland,  averaging  over  5%  cover  for  Festuca  campestris  and  Danthonia 
parryi.  Without  further  disturbance,  these  ROW  sites  will  probably  continue  in  a 
successional  trend  towards  rough  fescue  grassland. 

Soil  exposure:  14%  (0-48)  Moss/lichen  1%  (0-4)  Total  vegetation:  90%  (68-1 1 1) 


Plant  Composition 

% Cover 
(Constancy)  S.D. 

Site  Description 

Mean  (minimum-maximum) 
n=24 

Shrubs 

5.6  (79)  8 

Percent  ROW: 

21%  (5  ROW,  19  controls) 

Rosa  arkansana 

1.6  (29)  3 

Percent  Native: 

87% 

Potentilla  fruticosa 

1.2  (38)  3 

Diversity  Index: 

3.6 

Graminoids 

52.0(100)13 

Litter  (kg/ha): 

206  (70-552) 

Festuca  campestris  * 

11.0 

(92)  1 

Range  Health: 

75%  (35-96%) 

Danthonia  parryi 

10.7 

(79)12 

Soil  Texture: 

Silt  Loam 

Agropyron  dasystachyum  * 

8.1 

(96)  7 

Sandy  Clay  Loam 

m- 

Poa  pratensis 

4.7 

(79)  6 

Festuca  idahoensis 

3.2 

(63)  4 

Soils: 

Orthic  Black  Chemozemic 

Stipa  richardsonii 

2.3 

(29)  5 

Agropyron  spicatum 

2.1 

(25)  5 

Elevation  (m): 

1375(1270-1560) 

Festuca  rubra 

1.8 

(50)  4 

Poa  compressa 

1.9 

(42)  4 

Moisture  regime: 

Sub-xeric  to  sub-mesic 

Slope: 

Level  to  strong  (1-16%) 

m 

Forbs 

32.0 

(96)12 

Aspect 

varied 

Geum  triflorum 

6.1 

(54)  9 

Antennaria  umbrinella 

2.9 

(58)  4 

Galium  boreale 

2.9 

(83)  3 

Artemisia  frigida 

1.7 

(67)  3 

Note:  * indicates  species  were  in  the  pipelines’  seed  mixes  (see  Appendix  B) 


* 
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Figure  4.4  Sample  Poa  compressa  community  (Fish  Lake  bottom  land 
ROW) 
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4.4  Poa  compressa 


All  the  sites  in  the  P.  compressa  community  were  in  the  southernmost  location  of 
the  study  area,  in  the  Foothills  Parkland  natural  subregion.  Despite  the  broad 
occurrence  of  Poa  compressa , the  community  had  a diversity  of  forbs,  shrubs  and 
graminoids,  and  would  qualify  as  a disturbance  altered  rough  fescue  grassland. 
This  community’s  species  diversity  was  average  with  a score  of  3.0.  Festuca 
campestris  was  in  evidence  on  90%  of  the  sites,  50%  of  which  were  rights-of-way. 
This  was  a late-seral  community  which  retained  much  of  its  native  characteristics 
(65%  native  cover). 

Soil  exposure:  13%  (0-29)  Moss/lichen  3.5%  (0-12)  Total  vegetation:  85%  (56-1 19) 


Plant  Composition 

% Cover 
(Constancy)  S.D. 

Site  Description 

Mean  (minimum- 
maximum)n=10 

Shrubs 

3.0  (80)5 

Percent  ROW: 

60%  (6  ROW,  4 controls) 

Rosa  arkansana 

1.6  (70)2 

Percent  Native: 

65% 

Symphoricarpos  Occident alis 

1.3  (30)3 

Diversity  Index: 

3.0 

Graminoids 

58.0(100)19 

Soil  texture: 

Sandy  Loam 

Poa  compressa  * 

19.8(100)14 

Clay  Loam 

Agropyron  dasystachyum  * 

6.5  (90)  6 

Clay 

Festuca  idahoensis 

6.1  (90)  4 

Litter  (kg/ha): 

127(10-342) 

** 

Koeleria  macrantha  * 

5.4  (60)  6 

Range  Health: 

62%  (36-98%) 

Festuca  campestris  * 

5.2  (90)  3 

Soils: 

Orthic  Black  Chemozemic 

Phleum  pratense 

3.4  (80)  4 

Elevation: 

1451(1376-1567) 

Danthonia  parryi 

2.1  (70)  2 

Moisture  regime: 

Sub-xeric  to  mesic 

Forbs 

24.0(100)13 

Slope: 

Level  to  strong  (0-20%) 

Lupinus  sericeus 

5.1  80)  5 

Taraxacum  officinale 

4.5(50)  8 

Aspect 

15-358° 

* 

Moss 

3.5(70)  4 

* 

Geranium  viscosissium 

3.4(50)  4 

*** 

A 

Galium  boreale 

2.0(90)  1 

Note:  * indicates  species  were  in  the  pipelines’  seed  mixes  (see  Appendix  B) 
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Figure  4.5  Sample  Festuca  ovina  community  (Lundbreck  Upland  crest 
ROW) 
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4.5  Festuca  ovina 


The  Festuca  ovina  community  sites  were  divided  between  the  Foothills  Fescue  and 
Foothills  Parkland  natural  subregions,  in  the  central  part  of  the  study  area  and  all 
but  two  of  the  sites  were  pipeline  rights-of-way.  In  its  native  habitat  in  the  United 
Kingdom,  Festuca  ovina  is  normally  found  on  less  productive,  infertile,  upland 
grazing  lands  (Dawson  et  al.  2003  and  Otsus  and  Zobel  2004).  Although  the  soil 
texture  was  clay  loam,  the  Maycroft,  Burton  Creek  and  Lundbreck  Upland  sites 
were  thin  breaks  and  gravely  (soil  exposure  up  to  51%)  with  topsoil  depths 
averaging  only  8 cm.  Species  diversity  was  moderate  with  a score  of  3.0.  The 
mean  range  health  score  (43%  - healthy  with  problems)  for  this  community 
indicated  grazing  pressure.  Festuca  campestris  was  present  on  six  of  the  pipeline 
sites,  with  percent  cover  ranging  from  1 to  1 0 percent;  however,  there  were  no 
shrubs  and  almost  no  forbs,  making  this  a modified  community. 

Soil  exposure:  32%  (9-51)  Moss/lichen  0.4%  (0-3)  Total  vegetation:  73%  (39-95) 


»■ 

Plant  Composition 

% Cover 
(Constancy) 
S.D. 

Site  Description 

Mean  (minimum-maximum) 
n=22 

Percent  ROW: 

91%  (20  ROW,  2 controls) 

* 

Graminoids 

64(100)11 

Percent  native: 

60% 

m- 

Festuca  ovina  * 

16.0(9)10 

Diversity  Index: 

3.0 

** 

Agropyron  dasystachyum  * 

11.0(10)6 

Agropyron  smithii  * 

5.4(8)6 

Soil  texture: 

Clay  loam 

m- 

Stipa  curtiseta  * 

5.6(6)12 

Litter  (kg/ha): 

105  (46-216) 

Poa  compressa 

4.1(6)8a 

Range  Health: 

43%  (8-70%) 

m- 

Festuca  saximontana 

3. 0(5)4 

Soils: 

Orthic  Black  Chemozemic 

Festuca  idahoensis  * 

2. 7(4)5 

Elevation  (m): 

1400(1281-1514) 

Danthonia  parryi 

2. 1(4)4 

Festuca  campestris  * 

1. 7(5)3 

Slope: 

Level  to  strong  slopes  (0  - 12%) 

* 

Moisture  regime: 

Sub-xeric  to  sub-mesic 

Forbs 

8 (79)9 

Aspect 

Varied 

Taraxacum  officinale 

1. 0(4)2 

Note:  * indicates  species  were  in  the  pipelines’  seed  mixes  (see  Appendix  B) 


fs 

I 
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Figure  4.6  Sample  Bromus  inermis  community  (Lundbreck  Lowland 
bottomland  ROW) 
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4.6  Bromus  inermis 


The  Bromus  inermis  community  was  92%  pipeline  rights-of-way,  all  in  the 
Montane  natural  subregion.  All  of  the  Nelson  Creek  sites  were  included  in  this 
community,  characterized  by  Bromus  inermis  and  Agropyron  smithii.  Two 
pipelines,  one  of  which  had  almost  100%  cover  of  Bromus  inermis  and  the  other 
100%  cover  of  Phleum  pratense , bordered  the  Nelson  Creek  right-of-way,  resulting 
in  their  encroachment  into  its  ROW.  The  one  control,  Lundbreck  Lowland 
bottomland,  had  27%  cover  of  Rosa  arkansana  but  48%  Poa  compressor  which 
accounted  for  its  classification  with  this  plant  community.  The  pipelines  on  these 
sites  were  ten  years  of  age  or  less.  The  community  was  a mixture  of  moisture 
regimes,  and  although  loamy  in  texture,  the  mean  Ah  depth  is  a shallow  2.5  cm. 
This  community  was  highly-modified  (range  health  32%,  unhealthy),  with  little  to 
no  forb  or  shrub  cover,  and  the  least  diverse  species  with  a score  of  2.8. 

Soil  exposure:  25%  (0-74)  Moss/lichen  1%  (0-6)  Total  vegetation:  63%  (20-132) 


Plant  Composition 

% Cover 
(Constancy)  S.D. 

Site 

Description 

Mean  (minimum-maximum) 
n=12  (13%  of  the  sites) 

Percent  ROW: 

92%,  n=12  (1 1 ROW,  1 control) 

Percent  native: 

43.% 

Diversity  Index: 

2.8 

Graminoids 

Soil  exposure: 

25%  (0-74%) 

Bromus  inermis 

8.0  (92)8 

Total  vegetation: 

63%(20-l  32%) 

Agropyron  smithii 

7.4  (75)10 

Soil  texture: 

Loam 

Poa  compressa 

11.0(42)16 

Litter  (kg/ha): 

188  (0-455) 

Festuca  saximontana 

6.9(50)13 

Range  Health: 

32%  (15-75%) 

Phleum  pratense 

4.8  (67)9 

Soils: 

Orthic  Black  Chemozemic 

Elevation  (m): 

1475  (14360-1560) 

Moisture 

Sub-xeric  to  mesic 

regime: 

Slope: 

Nearly  level  to  strong  (2-23%) 

Aspect 

10-278° 
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5.0  Pipeline  Reclamation  Techniques 


5.1  Pipeline  construction 


Typical  pipeline  construction  requires  that  both  landowner  and  pipeline  company 
negotiate  an  easement;  this  permits  the  pipeline  company  to  use  the  land  on  which  the 
pipeline  will  be  installed.  The  right-of-way  is  usually  15  to  40  m in  width,  sufficient 
to  accommodate  the  pipeline  trench  and  the  construction  equipment.  The  right-of-way 
may  be  graded  if  the  terrain  is  uneven,  and  the  topsoil  stripped  and  stockpiled  using 
conventional  equipment  such  as  bulldozers  or  graders. 

The  stripping  used  in  the  study  sites  took  several  forms: 

full  right-of-way  with  no  separation  of  topsoil  from  subsoil 
double  or  triple-lift  stripping,  full  right-of-way,  with  the  upper  subsoil 
stripped  over  the  trench  width  and  piled  beside  the  previously  stripped 
topsoil 

trench-only  stripping,  with  the  topsoil  removed  only  over  the  width  of 
the  trench,  leaving  intact  much  of  the  topsoil  and  vegetation  on  the 
right-of-way. 

Subsoil  from  the  trench  is  piled  on  the  edge  of  the  right-of-way  (Figure  5.1).  The 
pipe  is  lowered  into  the  trench  and  backfilled  with  the  spoil,  usually  to  a depth  of  0.8 
to  2 m,  which  is  then  compacted  (U.S.  Department  of  Energy  2005, Alberta  Geological 
Survey  2004,  Sinton  et  al.  1996,  and  Johnston  1961).  The  right-of-way  is  ripped  and 
feathered  to  relieve  compaction,  if  necessary,  then  the  topsoil  is  spread  back  over  the 
area  that  was  stripped  (Hamilton  et  al.  2004).  If  the  topsoil  is  to  be  stored  where 
erosion  due  to  wind  or  rain  may  occur,  the  topsoil  may  be  sprayed  with  chemical 
binding  agents  used  to  bind  or  stabilize  soil  stockpiles,  improving  the  strength  of  the 
surface  layer  by  forming  a surface  crust  (Otsus  and  Zobel  2004). 

Following  construction,  the  right-of-way  is  seeded  according  to  the  type  of  land 
requirements.  On  public  land,  Alberta  Sustainable  Resource  Development  governs  the 
reclamation,  while  Alberta  Environment  guidelines  apply  for  all  other  lands.  If  private 
land,  the  landowners'  may  specify  the  type  of  seeding.  The  application  for 
construction  and  reclamation,  submitted  to  Alberta  Environment,  describes  the 
proposed  seed  mix.  The  actual  seed  mix  used  may  vary  depending  on  the  availability 
of  seeds  at  the  time  of  seeding,  and  may  not  be  recorded.  Pipeline  reclamation  may 
involve  seeding  annual  grasses  in  the  first  year  for  site  stabilization,  then  seeding  a 
mixture  of  short-lived  perennials,  e.g.  Agropyron  trachycaulus  and  long-lived 
perennials,  e.g  Agropyron  smithii  or  Festuca  campestris,  and  no  forbs.  In  addition  to 
the  applied  seeds,  viable  seeds  could  exist  in  the  topsoil  and  be  exposed  as  the  topsoil 
is  removed  and  replaced. 
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Figure  5.1Typical  Pipeline  Construction  (National  Energy  Board  2002) 


The  movement  of  natural  gas  through  a pipeline  heats  up  the  pipe,  especially  when  the 
gas  is  compressed,  and  may  affect  the  surrounding  soil  (Naeth  M.A.  et  al.  1995, 
Tilman  and  J.  Knops  1997,  Culley  et  al.  1982,  and  Brown  1997).  Ranchers 
commented  that  the  pipeline  right-of-way  was  the  first  area  to  become  green  in  the 
spring  and  stayed  green  longer  in  the  winter,  probably  due  to  right-of-way  soil 
temperatures  (Anonymous,  personal  communication,  July  2004,  McKim  and  McKim, 
personal  communication,  March  2005,  and  Anonymous,  personal  communication, 
March  2005). 

Fescue  grasslands  adjacent  to  roads  and  paths  are  especially  vulnerable  to  invasion  by 
introduced  species,  either  seeded  for  reclamation,  or  transported  by  vehicular,  stock  or 
human  traffic  (Willoughby  et  al.  2003,  Mutrie  et  al.  1989,  Miller  1966  and  Van  Ham 
1998).  A pipeline  is  a linear  disturbance  similar  to  a road  or  path,  although  largely  un- 
travelled except  by  livestock  or  wild  ungulates,  and  the  proximity  of  the  pipeline 
ROW  to  undisturbed  grassland  would  suggest  that  some  of  the  species  seeded  on  the 
ROW  would  naturally  move  into  the  grassland.  This  could  be  termed  the  shadow 
effect  of  the  pipeline. 

5.2  Variables  Selected 


The  following  variables  were  collected  in  the 

- Drainage  (well  to  moderate) 

- Slope  (%) 

Aspect  (°) 

Elevation  (m) 


field: 

Sand  (%) 

Clay  (%) 

Ah  depth  (cm) 

Stoniness  (non-stony  to  exceedingly) 
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Alberta  Sustainable  Resource  Development  Range  Health  Assessment  techniques 
were  used  for  the  following  (Dyksterhuis  1958). 

- Litter  (kg/ha-  field  estimates) 

- Range  health  rating 

Pipeline  variables 

Pipeline  construction  and  reclamation  reports  provided  the  pipeline  variables. 
Pipeline  age  (years) 

- Pipeline  diameter  (cm) 

- Seeding  rate  - kg/ha 

Seeding  rate  for  Festuca  campestris,  Agropyron  trachycaulum,  Agropyron 
dasystachyum,  Festuca  ovina,  Festuca  idahoensis  and  Poa  compressa, 
other  native  or  non-native  seed. 

Stripping 

The  weighting  of  the  stripping  processes  was  based  on  the  expectations 
that  trench-only  stripping  is  a minimal  disturbance  technique,  two-lift 
preserves  the  topsoil,  and  the  full  width  is  the  largest  disturbance  (Johnston 
1961  and  Moss  and  Packer  1994).  Early  pipelines  with  little  to  no 
reclamation,  e.g.  built  in  the  1960s,  were  given  the  highest  rating. 

- 20  - trench-only  stripping 

- 50 -two-lift  stripping 

1 00  - full -width  stripping 

150  - full -width  stripping  with  no  reclamation,  e.g.  pipelines  built 
prior  to  1980. 

Construction  months 

The  exact  date  of  the  construction  for  each  site  was  not  available; 
therefore,  a variable  was  derived  from  the  range  of  months  given  for  the 
construction  of  the  entire  pipeline  (“construction  months”),  using  two 
month  interval,  the  smallest  date  range  available  for  all  pipelines. 

1 - April  and  May  4 - October  and  November 

2 - June  and  July  5 - December  and  January 

3 - August  and  September  6 - February  and  March 


5.3  Results  and  Discussion 

5.3.1  Site  Grouping  by  Species  Dominance 

An  analysis  of  the  species  composition  for  each  site  resulted  in  a separation  of  the 
sites  into  three  groupings:  Festuca  ovina  (n=21),  Poa  pratensis  (n=15),  and  Danthonia 
parry i/Festuca  campestris  (n=10)  (Table  5.3.1). 
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Festuca  ovina 


The  twenty-one  sites  in  this  group  were  dominated  by  Festuca  ovina  and/or  Festuca 
saximontana,  at  21%  cover  over  90%  of  the  sites.  The  next  most  abundant  species 
was  Agropyron  dasystachyum  at  8.6%  cover  on  93%  of  the  sites,  followed  by 
Agropyron  smithii,  6.0%  cover  on  71%  of  the  sites,  totalling  63%  graminoids. 

There  was  negligible  cover  for  shrubs,  and  forbs  total  only  6.6  %,  with  Taraxacum 
officinale  being  the  most  abundant  (1%).  Bare  soil  averaged  33%,  litter  108  kg/ha, 
and  range  health  scores  averaged  29,  which  is  unhealthy.  Almost  all  the  oldest  sites, 
44  years,  were  included  in  this  group:  Maycroft  West,  Burton  Creek  other  ROW,  and 
Lundbreck  Upland  and  Lowland  other  ROW.  These  sites  were  disturbed,  with  highly- 
modified  vegetative  cover. 

Po  a pratensis 


On  these  fifteen  sites,  Poa  pratensis  was  the  most  abundant  species,  at  16.5%  cover  on 
100%  of  the  sites.  Agropyron  dasystachyum  followed  with  5%  cover  on  63%  of  the 
sites,  totalling  43%  graminoid  cover.  No  other  grasses  had  greater  than  3.6%  cover. 
Twenty  percent  of  these  sites  had  shrub  cover,  mainly  Rosa  arkansana  (1.8%  cover), 
and  forb  cover  totalling  24%,  led  by  Taraxacum  officinale  (3.7%  cover,  87%  sites). 
Bare  soil  averaged  20%  cover  on  80%  of  the  sites,  and  range  health  scores  were  higher 
than  the  Festuca  ovina  sites  at  48,  although  still  unhealthy.  The  average  amount  of 
litter  was  the  highest  of  the  three  groups,  at  202  kg/ha,  probably  due  to  the  abundance 
of  Bromus  inermis  (3.6%  cover,  60%  of  the  sites)  and  Phleum  pratense  (3.2%  cover, 
60%  of  the  sites).  These  sites  were  disturbed,  with  modified  vegetative  cover. 

Danthonia  parryi/F estuca  campestris 


Danthonia parryi  and  Festuca  campestris  had  similar  cover  on  these  ten  sites  (5.8  and 
5.6%  respectively),  each  on  90  % of  the  sites.  Like  the  other  two  groupings, 
Agropyron  dasystachyum  followed,  at  4.7%  cover  on  90%  of  the  sites,  and  Poa 
compressa  at  14%,  although  on  only  70%  of  the  sites.  Other  rough  fescue  association 
grasses  were  found:  Festuca  idahoensis  (2.7%  cover,  70%  of  the  sites)  and  Koeleria 
macrantha  (2.6%  cover,  40%  of  the  sites). 

The  graminoid  cover  averaged  53%,  and  shrubs  2.4%  on  50%  of  the  sites.  Forbs  were 
the  most  diverse  on  these  sites,  including  Geum  triflorum  (5%  cover,  30%  of  the 
sites),  Geranium  viscosissium  (2.9%  cover,  50%  of  the  sites),  and  Lupinus  sericeus 
(2.3%  cover,  60%  of  the  sites).  Bare  soil  averaged  22%,  and  litter  was  low,  averaging 
160  kg/ha.  The  range  health  rating  for  these  sites  averaged  57,  healthy  with  problems, 
probably  due  to  the  amount  of  bare  soil  and  the  low  litter. 
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Table  5.3.1  ROW  sites  grouped  by  dominant  species  (Only  those  with 
percent  cover  > 1.0  % are  shown). 


Graminoids 

F.  ovina 
(n=21) 

P.  pratensis 
(n=15) 

D.  parryi/  F. 

campestris 

(n=10) 

Shrubs 

Rosa  arkansana 

0a 

1.8 

0.6 

S.  Occident alis 

0.2 

0.3 

1.1 

Total  Shrubs 

0.2 

3.0 

2.4 

A.  dasystachyum 

8.6 

5.0 

4.7 

Agropyron  pectiniforme 

1.6 

0 

0.1 

Agropyron  smithii 

6.0 

1.3 

0.7 

Agropyron  spicatum 

2.6 

0.2 

0.0 

Agropyron  trachycaulum 

1.1 

0.1 

1.2 

Bromus  inermis 

1.8 

3.6 

1.3 

Carex  sp. 

0a 

2.3 

2.2 

Danthonia  parryi 

0.6 

1.4 

5.8 

Festuca  campestris 

0.8 

0.9 

5.5 

Festuca  idahoensis 

2.7 

3.2 

2.7 

F.  ovina/  F.  saximontana 

21 

2.6 

2.1 

Koeleria  macrantha 

1.0 

0.1 

2.6 

Phleum  pratense 

3.0 

3.2 

0.5 

Poa  compressa 

3.8 

1.1 

14 

Poa  pratensis 

0.7 

16 

1.5 

Stipa  curtiseta 

0a 

0 

2.2 

Stipa  richardsonii 

2.5 

0.1 

3.4 

Total  Graminoids 

63 

43 

53 

Forbs 

Achillea  millefolium 

0.3 

1.8 

0.7 

Antennaria  umbrinella 

0.1 

0 

0.8 

Artemisia  ludoviciana 

0 

1.2 

0 

Cirsium  arvense 

0.3 

1.4 

0.5 

Galium  boreale 

0.1 

2.0 

1.6 

Geranium  viscosissium 

0 

0.6 

2.9 

Geum  triflorum 

0.2 

0.3 

5.1 

Lithospermum  incisum 

0 

0.5 

0.5 

Lupinus  sericeus 

0 

0.2 

2.3 

Moss 

0.5 

0.5 

1.5 

Potentilla  gracilis 

0.2 

1.1 

0.6 

Taraxacum  officinale 

1.0 

3.7 

2.6 

Trifolium  hybridum 

0.4 

1.0 

0 

Total  Forbs 

6.6 

24 

22 

Bare  soil 

33 

20.2 

22 

Range  health  score  (s.d.) 

29 

48.0 

57 

Litter  (kg/ha) 

108 

202 

160 

28 


Nevertheless,  these  sites  approximated  rough  fescue  grassland,  dominated  by  rough 
fescue  association  grasses  and  with  a variety  of  native  forbs. 

5.3.2  Seeding  Rate  Correlations 


For  clarity  of  presentation  in  the  following  diagram,  each  plant  species  group  was 
represented  by  a symbol:  **’  = Festuca  ovina , ‘+*  = Poa pratensis,  and  ‘#*  = 
Danthonia  parryi/ Festuca  campestris. 

Festuca  campestris  Seeding  Rate 

Axis  1 represented  a gradient  for  Festuca  campestris  seeding  with  a lower  rate  in 
Festuca  ovina  and  Danthonia  parryi  groups,  and  a higher  rate  in  the  Poa  pratensis 
group.  Festuca  campestris  seeding  rates  had  little  influence  on  its  resulting  percent 
cover  (Figure  5.2). 


Agropyron  trachycaulum  seed  rate  A . , 

r2=0.40,  p <0.001  *■  AXIS  1 

Festuca  campestris  seed  rate  (18%  explained  variance) 

r2=0.14,  p=0.010 


Figure  5.2  Detrended  correspondence  analysis  of  pipeline  sites,  axes  1 and 
2,  showing  species  cover  with  seeding  and  weed  control  correlation  trends; 
no  seeding  variables  had  significant  correlations  with  axis  3 with p < 0001. 


Some  sites  with  Festuca  campestris  seeding  had  no  corresponding  cover,  and 
conversely,  several  sites  with  no  Festuca  campestris  seeding,  had  corresponding 
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cover:  Lundbreck  Upland  other  ROW  (LHNO,  LHSO),  Maycroft  West  (MWS, 
MWT),  and  Burton  Creek  other  ROW  (BCTO)  (Figure  5.3).  There  appeared  to  be 
little  correlation  between  Festuca  campestris  cover  and  its  seeding  rate.  The  seeding 
rate  for  Festuca  campestris  varied  from  0.4  to  12.5  kg/ha.  Some  sites  with  high 
seeding  rates  for  Festuca  campestris , e.g.  over  6 kg/ha,  had  no  cover  of  this  grass, 
while  others  with  2 kg/ha  or  less  had  cover  of  over  10%. 

While  the  source  of  the  seed  for  each  pipeline  was  not  known,  at  the  time  of 
construction,  prior  to  1998,  Festuca  campestris  seed  would  have  been  wild -harvested 
(Jongman  et  al.  1987).  The  germination  rates  of  wild-harvested  seeds  are  usually 
lower  than  cultivated  plants.  Some  of  the  contributing  factors  are  the  uncertainty  of 
the  seed  maturity  dates,  variable  field  conditions,  the  location  of  the  seed  source  being 
not  compatible  with  the  reclamation  site,  the  knowledge  of  the  collector,  the  hand- 
collection  methods,  and  the  storage  methods  (Looman  1982  and  Neville,  personal 
communication,  June  2005). 

Festuca  campestris  utilizes  a form  of  reproduction  called  tillering,  whereby  auxiliary 
buds  are  released  from  dormancy  and  develop  leaves  and  roots,  while  remaining 
attached  to  the  parent  plant  (Brierley  et  al.  2004).  Successful  tillering  reduces  the 
requirement  for  seed  reproduction,  which  may  account  for  the  variation  in  seed 
production  found  in  F.  campestris,  where  several  years  may  elapse  between  seed 
setting  (Gitay  and  Wilson  1995  and  Smoliak  1986).  The  erratic  seed  production  by  F. 
campestris  hampers  the  collection  of  wild  seed  and  the  production  of  agronomic  seed. 


Table  5.3.2  Mean  seeding  rates  of  each  ROW  plant  grouping 


kg/ha 

Festuca 

ovina 

n=21 

Poa 

pratensis 

n=15 

D.  parry i/  F. 
campestris 
n=10 

Seeding  rate 

9.5 

10.3 

14.5 

F.  campestris 

0.7 

3.8 

2.2 

A.  trachycaulum 

0.1 

2.9 

1.9 

A.  dasystachyum 

2.2 

3.3 

5.5 

F.  ovina 

1.1 

0.9 

1.4 

F.  idahoensis 

0.3 

0.4 

0.2 

P.  compressa 

0.5 

0.6 

0.4 

Other  native 

1.5 

2.4 

2.5 

Other  non-native 

30.0 

0.2 

0.4 

30 


F.  campestris  cover  - 3.183  - 0.403(seed  rate) 
r2=0.040,  ^=0.248,  S.E.E  =3.2,  n=46 


Figure  5.3  Scatter  diagram  and  regression  model  for  Festuca  campestris 
seeding  rate  with  Festuca  campestris  cover. 


Figure  5.4  Chart  of  sites  showing  Festuca  campestris  seeding  rate  and 
percent  cover,  showing  only  sites  seeded  with  and/or  with  percent  cover  of 
Festuca  campestris. 


Another  explanation  of  the  unpredictable  success  of  Festuca  campestris  seeding  is 
substitution  of  the  planned  seed  mix  with  another  during  the  final  reclamation  process. 
This  may  have  been  the  case  with  the  Screwdriver  Creek  pipeline  (CDS,  CDT).  Its 
seed  mix  indicates  25%  F.  campestris , at  6 kg/ha,  when  in  fact  its  cover  has  no  F. 
campestris  but  instead  between  17  and  40%  Festuca  saximontaua,  which  was  not 
listed  in  the  proposed  seed  mix.  The  common  names  for  F.  campestris  are  Foothills 
fescue  and  Mountain  fescue.  F.  saximontaua  is  a native  cultivar  known  as  sheep 
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fescue  or  Rocky  Mountain  fescue,  readily  available  from  seed  companies  (Dormaar 
and  Willms  1990).  Perhaps  Rocky  Mountain  fescue  was  substituted  for  Mountain 
fescue,  inadvertently,  or  because  it  was  a more  readily  available  “native  seed”. 

Festuca  ovina  Seeding  Rate 


Festuca  ovina  does  not  occur  naturally  in  the  study  area;  therefore,  where  found,  it 
must  have  originated  from  the  seed  mixes,  making  the  correlations  with  its  seed  mix 
values  probably  valid.  Festuca  ovina  is  a common  reclamation  species,  used  widely 
in  Europe,  from  whence  it  came,  and  readily  available  as  a cultivar;  therefore,  its 
germination  is  probably  reliable  (Willms  et  al.  1988).  This  grass  appears  to  benefit 
from  higher  seeding  rates,  and  it  readily  spreads  off  of  its  original  seeding  area,  into 
the  adjacent  ROW  or  grassland.  Another  observation  is  that  there  was  little  incursion 
of  native  grasses  and  forbs  from  the  controls  onto  the  ROW,  once  Festuca  ovina  is 
established. 

Agropyron  dasystachyum  and  Agropyron  smithii  Seeding  Rates 


The  apparent  persistence  of  Agropyron  dasystachyum  and  Agropyron  smithii  from  the 
seed  mixes,  is  in  line  with  Osterman’s  (1997)  findings  that  the  trench  zone  of  a ROW 
favoured  rhizomatous  grasses.  Agropyron  dasystachyum  occurred  on  over  90%  of  the 
ROW  sites,  and  appeared  with  similar  cover  in  all  of  the  plant  communities. 

Agropyron  dasystachyum  was  included  in  all  but  two  of  the  pipeline  seed  mixes: 
Nelson  Creek  and  Screwdriver  Creek,  which  have  little  to  no  Agropyron 
dasystachyum  on  the  ROW  (Appendix  B).  Agropyron  dasystachyum  is  a native  grass, 
common  in  rough  fescue  grassland;  therefore,  it  was  difficult  to  distinguish  between 
the  planted  cultivar  encroaching  off  the  ROW  and  the  native  species  encroaching  onto 
the  ROW. 

Agropyron  smithii  was  also  part  of  many  of  the  seed  mixes.  Agropyron  smithii  was  in 
the  seed  mixes  of  the  Burton  Creek,  Maycroft  East  and  North  Creek  pipelines,  all  built 
in  1997,  and  appeared  well  established  at  5.9%  average  cover  on  67%  of  their  sites, 
indicating  early  establishment  and  persistence,  an  observed  trait  of  this  rhizomatous 
grass  (Sala  and  Paruelo  1997). 

Agropyron  trachycaulum  Seeding  Rate 


Agropyron  trachycaulum  was  included  in  48%  of  the  seed  mixes;  nevertheless  its 
percent  cover  averaged  only  1%.  Agropyron  trachycaulum  is  an  early  serai  grass; 
therefore,  late  serai  perennials  would  eventually  become  more  dominant.  As  well,  it 
grows  best  in  moist  conditions  and  would  not  persist  in  subxeric  or  submesic 
locations,  which  make  up  the  majority  of  the  sites  (Tannas  2001). 
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Other  Species  Seeding  Rate 


Some  of  the  seed  mixes  did  not  correspond  to  the  ecological  characteristics  of  the 
sites.  One  example  was  the  Maycroft  East  pipeline,  a dry,  wind-swept  location  with 
thin  soils,  and  an  abundance  of  Stipa  spp.  Stipa  viridula  was  included  in  the  seed  mix, 
a grass  suited  to  moist  habitats;  however,  it  was  not  found  during  the  sampling 
process,  probably  because  of  unsuitable  habitat. 

Poa  prate  ns  is  and  Bromus  inermis 


Two  grasses  that  were  not  seeded,  but  were  well-established,  were  Poa  pratensis  and 
Bromus  inermis , possibly  as  a result  of  exposing  their  seeds,  lying  dormant  in  the  seed 
bank,  during  ROW  clearing  (Adams,  B.W.,  Personal  communication,  December  2005 
and  Stout  et  al.  1981).  The  DCA  correlations  and  regression  analysis  imply  that 
higher  Festuca  campestris  seeding  rates  favoured  Poa  pratensis- dominated  sites, 
possibly  caused  by  competition  among  the  seeded  grasses,  causing  them  to  die-off  and 
allowing  a grass  like  Poa  pratensis  to  prosper  (Willoughby  and  Alexander  2005  and 
Loomanl982).  In  some  cases,  Bromus  inermis  occurred  in  patches  on  the  ROW  sites. 
Since  Bromus  inermis  is  a common  forage  crop,  its  presence  may  have  been  a result  of 
hay  brought  in  for  grazing  (Lees  1988).  In  addition,  straw  was  often  used  as  a 
stabilizer  to  prevent  erosion  during  pipeline  construction,  which  could  have  resulted  in 
the  importation  of  Bromus  inermis  seeds  (U.S.  Department  of  Energy  2005).  Both 
grasses  may  have  a competitive  advantage  because  of  fire  suppression  throughout  the 
region,  whereas  bunch  grasses  like  Festuca  campestris  would  have  tolerated  fire 
(Landsburg  1989,  Sneath  and  Sokal  1973,  and  Budd  1987).  Willoughby  and 
Alexander  (1994)  and  Adams  et  al.  (1981)  found  Poa  pratensis  persisted  in  sites  were 
it  was  initially  established,  eventually  reverting  to  co-dominance  with  Festuca 
campestris. 

Danthonia  parryi  Seeding  Rate 


Danthonia  parryi  appeared  on  90%  of  the  Danthonia  parryi  sites,  47%  of  the  Poa 
pratensis  sites  and  47%  of  the  Festuca  ovina  sites;  yet,  it  was  in  the  seed  mix  of  only 
one  site,  Screwdriver  Creek.  Its  presence  is  probably  indicative  of  encroachment  from 
the  native  grassland,  possibly  assisted  by  grazing  (Bertiller  1996). 

5.4  Pipeline  construction  months 

In  the  DCA  diagram,  the  further  the  sites  are  positioned  along  each  axis,  the  later  the 
construction  months  (Figure  5.5).  The  Festuca  ovina  sites  were  all  built  between  April 
and  July;  whereas,  all  but  two  of  the  Danthonia  parryi  sites  were  constructed  between 
August  and  the  following  March.  In  the  Poa  pratensis  group,  the  sites  the  furthest 
away  from  the  intersection  of  Axis  1 and  2,  Chain  Lakes  (BLS,  BLT  and  BLB),  had 
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Festuca  campestris  and/or  Danthonia  parry i cover  and  were  built  in  August  or 
September.  Festuca  campestris  and  Danthonia  parryi  cover  had  a successful  trend 
following  construction  in  late  summer  (August  or  September)  or  winter  (February  or 
March)  (Figure  5.5)  while  Festuca  ovina  had  an  opposite  trend  for  greater  abundance 
with  early  construction  dates:  spring  and  early  summer  (April  to  July).  Four  of  the 
sites  constructed  in  June  or  July  had  cover  between  4 and  5.5%;  however,  the  majority 
of  sites  constructed  before  August  had  1%  cover  or  less.  This  is  in  line  with 
reclamation  guidelines  that  suggest  surface  disturbance  by  heavy  equipment  is  reduced 
when  the  ground  is  frozen  or  after  the  growing  season  on  dry  ground  ( Moss  and 
Packer  1994  and  Neville,  personal  communication,  June  2005). 


Construction  months 
r2=  0.39,  p < 0.001 


Axis  1 


(18%  explained  variance) 


Pipe  diameter  (cm)  ^=0.26,  p <0.00 
Stripping  r2=0.23,  p<  0.001 


Construction  months:  l=Apr/May,  2=Jun/Jul,  3=Aug/Sep,  4=Oct/Nov,  5=Dec/Jan,  6=Feb/Mar 
Stripping:  20=trench  only,  50=2-lift,  100=full  ROW,  150=full  ROW  with  no  reclamation 

Figure  5.5  Detrended  correspondence  analysis  of  pipeline  sites,  axes  1 and 
2,  showing  species  cover  with  pipeline  and  topography  correlation  trends. 


During  the  winter,  less  topsoil  stripping  is  required,  as  heavy  equipment  can  operate 
on  undisturbed  grassland. 

Only  one  peer-reviewed  study  was  found  that  examined  the  effects  of  heavy 
equipment  on  grassland  vegetation  in  relation  to  season.  Wilson  (198820022002) 
concluded  that  military  tank  traffic  in  the  summer,  post- growing  season,  had  a less 
detrimental  effect  on  prairie  vegetation  than  traffic  during  the  spring  growing  season, 
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finding  the  effect  on  vegetation  to  be  similar  to  that  of  fire  and  grazing.  His  study  was 
in  mixed-grass  prairie  in  Manitoba  and  would  be  consistent  with  observations  of  the 
resilience  of  mixed-grass  prairie  in  Alberta  (Neville,  personal  communication,  June 
2005). 


Figure  5.6  Percent  cover  of  Fesctua  campestris  and  Festuca  ovina  as  sorted 
by  pipeline  construction  months;  only  sites  seeded  with  both  species  are 
shown. 


F.  campestris/D.  parryi  cover  = -0.537  + 1.723(construction  months), 
r2  = 0.28,/^0.001,  S.E.E.  = 4.7,  n = 46 


Construction  months 


F.  ovina  cover  = 19.350-3.221  (construction  months) 


Apr/May  Jun/Jul  Aug/Sep  Oct/Nov  Dec/Jan  Feb/Mar 
Construction  months 


Figure  5.7  Scatter  diagrams  and  regression  models  for  Festuca  campestris 
/Danthonia parryi  and  Festuca  ovina  with  pipeline  construction  months; 
S.E.E.  = standard  error  of  the  estimate.  Table  4.9.1  gives  the  site  name 
and  acronym  translation. 
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Naeth  (2005 ) concluded  that  grading  and  compaction  by  heavy  equipment  were  less 
destructive  than  the  trenching  operation  in  Solonetzic  soils.  Although  her  studies 
concentrated  on  soils,  an  extrapolation  might  be  made  to  the  impact  on  vegetation. 
Black  Chernozem  soils  have  a deeper  topsoil  layer  than  mixed  grass  prairie  and  may 
be  less  resistant  to  heavy  equipment  disturbance;  nevertheless,  further  study  could 
determine  the  impact  of  post-growing  season  heavy  equipment  movement  in  the 
foothills  fescue  grasslands. 

5.4.1  Stripping  technique 


Sites  with  less  stripping  (e.g.  trench-only)  are  at  the  right-hand  position  of  the  diagram 
and  that  those  with  more  stripping  (e.g.  full  right-of-way)  are  positioned  towards  the 
zero  value  in  the  DCA  diagram  (Figure  5.5).  The  greatest  percent  cover  (>20%)  of 
Festuca  campestris  and  Danthonia  parryi  was  found  on  pipelines  that  employed 
trench-only  stripping. 


F.  campestris/D.  parryi  =6.91  -0.039(Stripping) 


Trench  only  2-lift,  full  Full  ROW  Full  ROW,  no 

ROW  reclamation 

a)  Stripping  Technique 


Festuca  ovina  = 1.72  + 0.082(stripping) 
r2  = 0.1 7, p = 0.004,  S.E.E.  = 9.4,  n = 46 


Figure  5.8  Scatter  diagrams  and  regression  models  for  Festuca  campestris 
/Danthonia  parryi  and  Festuca  ovina  percent  cover  as  a function  of  ROW 
stripping  technique.  S.E.E.  is  the  standard  error  of  the  estimate.  Table 
4.9.1  gives  the  site  name  and  acronym  translation. 


Moderate  percent  cover  (10  to  20%)  occurred  on  several  pipelines  with  full  ROW 
stripping  and  no  reclamation  (Figure  5.8a).  Festuca  ovina  cover  was  the  most 
abundant  on  sites  with  the  largest  disturbance,  full  right-of-way  stripping  (Figure 
5.8b).  Poa  pratensis  and  Agropyron  dasystachyum  cover  showed  no  relation  to 
stripping  techniques. 

The  lowest  impact  stripping  technique  for  this  study,  trench-only,  resulted  in  a 
correlation  with  the  highest  Festuca  campestris/Danthonia  percent  cover.  Some 
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success  in  grassland  restoration,  through  natural  recovery,  has  been  observed  with  no- 
strip and  directly  ploughed-in  techniques  for  small  diameter  (<  15  cm)  (Petherbridge 
2000,  Society  for  Ecological  Restoration  International  Science  and  Policy  Working 
Group  2004  and  Anonymous,  personal  communication,  March  2004). 

The  majority  of  the  pipelines  in  this  study  involved  stripping  the  topsoil  from  the 
whole  right-of-way.  The  rationale  for  full  width  stripping  is  that  the  equipment 
movement,  especially  that  needed  for  large  diameter  pipe  (61  cm  or  greater),  might 
pulverize  the  topsoil  and  result  in  its  degradation  (U.S.  Department  of  Energy  2005). 

In  the  1980s,  some  theories  held  that  removing  most  of  the  topsoil  aided  the 
reclamation  potential  (National  Energy  Board  2002).  Today,  full-width  stripping  is 
recommended  only  when  rutting  may  occur  due  to  wet  soils  or  where  the  topography 
requires  grading  for  safety.  Otherwise,  trench-line  stripping  is  preferred,  where  the 
topsoil  is  removed  only  over  the  width  of  the  trench,  leaving  intact  much  of  the  topsoil 
and  vegetation  on  the  right-of-way  (Moss  and  Packer  1994). 

Trench-only  stripping  results  in  a narrow  disturbance  with  native  grassland  in  close 
proximity  on  either  side,  allowing  natural  recovery  to  occur  through  seed  rain, 
rhizomatous  spreading  and,  in  the  case  of  Festuca  campestris,  tillering. 

The  correlation  of  greater  Festuca  campestris  abundance  with  later-season 
construction  and  trench-only  stripping  lead  to  the  conclusion  that  a post-growing 
season  or  winter  construction  date,  combined  with  trench-only  or  less  stripping,  will 
result  in  better  recovery  for  rough  fescue  grassland. 

5.4.2  Pipe  Diameter 


Most  of  the  larger  diameter  pipes  had  over  5%  and  up  to  35%  cover  of  Festuca  ovina. 
Except  for  a few  sites,  Festuca  campestris  appeared  to  have  greater  cover  on  the  sites 
where  there  was  no  Festuca  ovina  (Figure  5.9). 
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Figure  5.9  Percent  cover  of  Fesctua  campestris  and  Festuca  ovina  as  sorted 
by  pipe  diameter 


Festuca  ovina  =-1.140  + 0.13 O(diameter)  Poa  pratensis  - 12.775  - 0.093 (diameter) 

r2  = 0.25,  p < 0.001,  S.E.E.  = 8.9,  n = 46  r2  “ °-14>P  ~ 0.010,  S.E.E.  - 9.1,  n - 46 


Figure  5.10  Scatter  diagrams  and  regression  models  for  Festuca  ovina  and 
Poa  pratensis,  as  a function  of  pipe  diameter.  S.E.E.  is  the  standard  error 
of  the  estimate 


Dividing  the  pipe  diameters  into  two  ranges  - small  diameter  (1 1 .4  to  27.3  cm)  and 
large  diameter  (91.4  to  107  cm)  - showed  a distinction  between  their  average  values 
(Table  5.3.3). 


Table  5.4.1  Mean  values  based  on  pipe  diameter  ranges. 


Pipe  Diameter 

Bare  soil 

Range 

Litter 

Ah  depth 

(cm) 

(%) 

health  (%) 

(kg/ha) 

(cm) 

11.4-27.3 

17.7(15) 

54.5(22) 

195(221) 

10.2(9.6) 

91.4  - 107 

32.3(15) 

32.9(16) 

121(107) 

5. 1(6.6) 

Pipe  diameter  appeared  to  have  little  effect  on  the  success  of  Festuca  campestris', 
however,  it  may  be  related  to  the  success  of  Festuca  ovina,  which  had  higher 
abundance  on  larger  diameter  pipe.  Poa  pratensis,  conversely,  increased  in  abundance 
on  smaller  diameter  pipe  (Figure  5.3.9).  The  difference  could  be  related  to  soil 
temperature,  positively  affected  by  the  movement  of  natural  gas  through  a pipeline 
(Brown  1997).  Naeth  et  al.  (1995)  found  statistically  significant  differences  in  soil 
temperatures  between  the  right-of-way  of  a 107  cm  pipeline  and  adjacent  undisturbed 
grassland,  attributed  to  the  temperature  of  the  pipe.  This  is  consistent  with  studies  of 


38 


the  effects  of  pipeline  construction  on  tundra  vegetation,  which  found  that  pipeline 
disturbances  were  warmer  than  the  undisturbed  tundra  (Osterman  2001,  1997  and 
1982). 

Soil  heating  by  large  diameter  pipelines  would  account  for  the  early  vegetative  growth 
in  the  spring,  and  late  vegetative  growth  and  senescence  in  the  autumn  on  pipeline 
rights-of-way  (Hartley  and  Mitchell  2005  and  McKim  and  McKim,  personal 
communication,  March  2005).  Cattle  and  elk  are  known  to  preferentially  select  right- 
of-way  sites,  especially  in  the  spring,  which  could  result  in  increased  grazing  pressure 
on  the  ROW  (Naeth  et  al.  1990,  Thackerl989  and  McKim  and  McKim,  personal 
communication,  March  2005).  Heavy  grazing  could  reduce  the  depth  of  the  topsoil, 
reduce  the  amount  of  litter,  and  increase  the  amount  of  bare  soil,  thereby  negatively 
affecting  the  moisture  retention  capacity  of  the  ROW  ( Wishart  and  Hayes  1 989, 
Mackie  1970,  and  Alberta  Energy  and  Utilities  Board  2004b).  Grazing  could  also 
contribute  to  the  success  of  Festuca  ovina  on  large  diameter  pipe,  as  it  increases  with 
grazing,  and  thus  would  flourish  with  heavy  grazing  (Bertiller  1996  and  Slogan  1997). 
On  larger  diameter  pipes  in  the  study  sites,  grazing  may  be  one  of  the  factors 
contributing  to  lower  average  values  for  topsoil  depth  and  litter,  and  greater  percent 
bare  soil. 

The  lower  nutrient  capacity  of  a shallower  topsoil  depth  and  the  reduced  moisture 
retention  capacity  of  the  ROW  would  be  conditions  that  might  favour  the  growth  of 
Festuca  ovina,  which  has  a shallow  root  system,  transpires  little  water,  is  drought 
tolerant,  and  grows  well  on  nutrient -deficient,  calcareous  soils,  (Hill  et  al.  1995  and 
Willms  et  al.  1988).  Conversely,  the  ROW  of  smaller  diameter  pipe,  with  less  soil 
heating  effects,  would  be  less  heavily  grazed,  have  deeper  topsoil  with  more  nutrients, 
and  be  better  able  to  retain  moisture,  thereby  allowing  competition  from  other  grasses, 
such  as  Poa  pratensis,  which  prefers  moister  habitats  with  higher-nutrient  soils 
(Bertiller  1996  and  Native  Prairie  Guidelines  Working  Group  2002).  As  observed 
during  field  sampling,  the  ROW  of  small  diameter  pipe  showed  evidence  of  less 
grazing  than  adjacent  large  diameter  pipes,  as  did  the  controls  of  larger  diameter  pipes. 
It  is  possible  that  seeded  Festuca  campestris  was  successful  in  establishing  in  the  first 
several  years  on  the  ROW  sites  where  it  was  seeded,  and  that  spring  grazing  by  elk 
and/or  cattle  resulted  in  its  decrease  or  extirpation,  since  it  does  not  tolerate  growing 
season  grazing  (Maki  1989).  Given  that  temperature  and  moisture  content  of  the  soil 
were  not  recorded  during  this  study,  these  correlations  cannot  be  validated.  Additional 
research  should  be  conducted  into  the  relationship  between  the  effects  of  pipeline  soil 
heating  and  vegetation. 

5.4.3  Pipeline  Age 


The  age  of  the  pipelines  had  no  relationship  to  Festuca  campestris  or  any  other  major 
grass  cover  in  any  of  the  ordination  or  statistical  analyses,  contrary  to  what  might  be 
expected  in  vegetation  succession.  This  could  be  explained  by  the  fact  that  the 
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youngest  sites  were  seven  years  old,  sufficient  time  for  the  three  to  five-year  stand 
establishment  time  for  Festuca  campestris,  or  for  any  of  the  other  grasses  (Jongman  et 
al.  1987).  Carbondale,  one  of  the  seven -year-old  sites,  was  grouped  with  the 
Danthonia  parryi/Festuca  campestris  group,  and  showed  evidence  of  natural  recovery 
of  native  grasses,  forbs  and  shrubs.  Conversely,  the  oldest  pipeline  sites,  constructed 
in  1961,  although  showing  some  evidence  of  natural  recovery,  including  Festuca 
campestris , were  all  dominated  by  either  Festuca  ovina  or  Poa  pratensis,  and  have 
negligible  forb  and  shrub  cover. 


6. 0 Pipeline  Shadow  Effect 


During  the  field  sampling,  a test  was  conducted  to  determine  the  extent  of  a shadow 
effect  on  three  ROW  sites  where  an  indicator  species  was  evident:  Festuca  ovina  and 
Festuca  saximontana.  They  occurred  in  abundance  on  the  pipeline  ROW,  as  part  of 
the  seed  mixes,  and  occurred  in  one  percent  or  lower  cover  on  the  controls,  at  15  m 
from  the  ROW. 

A thirty  meter  transect  was  laid  where  the  ROW  met  the  control.  At  three  meter 
intervals,  perpendicular  forays  were  made  into  the  control,  measuring  where  the  last 
occurrence  of  the  indicative  species  occurred  (Figure  6.1).  Joining  these  points 
indicated  the  extent  of  incursion  of  the  indicator  species  into  the  adjacent  undisturbed 
control  (Figure  6.2). 
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Figure  6.1  Diagram  showing  shadow  effect  measurement  methodology. 
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Figure  6.2  Shadow  effect  of  Festuca  ovina  and  Festuca  showing  their 
furthest  occurrence  in  adjacent  controls  measured  at  10  m intervals. 
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The  Lundbreck  Upland  crest  ROW,  built  in  1993,  had  29%  cover  of  Festuca  ovina 
(20%  of  the  seed  mix)  and  0%  on  the  control,  1 5 m from  the  ROW.  Festuca  ovina 
occurred  from  2.3  to  6.9  m from  the  ROW  edge,  averaging  a distance  of  4.3  m,  or  0.4 
m per  year.  There  was  no  similar  incursion  of  species  from  the  control  into  the  ROW. 
The  Maycroft  East  ROW  crest  had  14%  cover  of  Festuca  ovina  (14%  of  the  seed  mix) 
on  the  ROW  and  1%  on  the  control,  15  m from  the  ROW.  Festuca  ovina  extended 
from  4. 1 to  9.7  m into  the  control,  averaging  8.4  m,  or  1.2  m per  year. 

The  Screwdriver  Creek  ROW  crest  had  41%  cover  of  Festuca  saximontana  with  0% 
in  the  control,  15m  from  the  ROW.  Festuca  saximontana  extended  off  the  ROW 
from  2 to  3 m at  an  average  of  2.3  m,  or  0.3  m per  year.  There  was  no  similar 
incursion  of  species  from  the  control  into  the  ROW. 

The  rate  of  incursion  of  a seeded  species  on  two  of  these  pipelines,  e.g.  0.4  and  0.3 
compares  favourable  with  the  conclusions  of  xxx  showing  agronomic  species 
encroachment  on  pipelines  varying  between  0.3  and  0.6  m per  year.  The  third 
pipeline,  Maycroft  East  shows  a faster  rate  of  1 .2  m per  year. 

Other  Sites 

The  test  of  species  migration  from  the  ROW  into  adjacent  grassland  shows  proof  of  a 
pipeline  shadow-effect.  The  Burton  Creek  crest  site  also  had  a high  percent  cover  of 
Festuca  ovina  (24%),  30%  of  the  seed  mix,  which  had  migrated  over  15  m into  the 
control,  where  its  cover  was  14%.  The  North  Creek  crest  site  had  33%  cover  of 
Festuca  ovina , 14%  of  the  original  seed  mix,  which  had  partially  migrated  into  the 
adjacent  grassland,  although  its  incursion  was  not  measured.  The  Lundbreck  Lowland 
bottom-land  site,  with  20%  Festuca  ovina  in  the  seed  mix,  had  12%  cover  of  it  on  both 
the  ROW  and  control. 


7.0  ROW  Sites  Most  Similar  To  Rough  Fescue  Plant  Communities 


The  Waldron  Porcupine  south  and  crest,  and  the  Carbondale  crest  ROW  sites  were 
significantly  similar  to  their  controls,  as  were  all  the  Fish  Lake  ROW  sites.  Of  the 
fifty-six  ROW  sites  in  total,  only  these  six  have  statistically  significant  rough  fescue 
association  cover  and  similarity  to  their  controls,  although  there  were  still  differences. 
The  ROW  sites  had  fewer  rough  fescue  association  grasses,  native  graminoids  and 
native  forbs  and  lower  species  diversity.  The  ROW  sites  also  had  lower  range  health 
scores  (healthy  with  problems)  than  the  controls  (healthy),  and  lower  diversity  ratings. 
Agropyron  dasystachyum  averaged  similar  cover,  although  in  some  cases  it  was  more 
abundant  on  the  control  than  the  ROW. 
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Figure  7.1  Waldron  Porcupine  South,  looking  south 

All  of  these  pipelines,  except  the  Waldron  Porcupine  Other  ROW,  were  constructed 
between  August  and  April,  and  employed  trench-only  stripping.  The  varied  in  age 
from  7 to  1 8 years . 

The  proximity  of  undisturbed  grassland  is  one  of  the  factors  that  probably  contributed 
to  the  success  of  four  of  the  best  recovered  sites,  allowing  for  natural  recovery.  This  is 
in  keeping  with  findings  of  Hammermeister  (2001)  and  Van  Ham  (1998)  of  natural 
recovery  on  pipelines  and  well  sites.  The  other  two  sites,  both  on  the  Waldron 
Porcupine  pipeline,  also  showed  evidence  of  natural  recovery,  with  the  largest  amount 
of  native  forbs  of  any  ROW  (26  and  42%  cover).  In  this  case,  the  recovery  may  have 
occurred  with  the  assistance  of  four  newer  pipelines  in  the  same  right-of-way,  which 
possibly  attracted  cattle  grazing  away  from  the  Waldron  Porcupine  pipeline,  especially 
in  the  spring,  when  new  seedlings  are  most  vulnerable  (Thacker  1989  andMcKim  and 
McKim,  personal  communication,  March  2005). 
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photo  is  Fish  Creek  Bottomland  looking  north. 
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photo  is  Carbondale  Crest  looking  east. 


8.0  Conclusion 


The  following  conclusions  apply  to  grasslands  in  the  Foothills  Fescue,  Foothills  Parkland, 
and  Montane  natural  subregions.  Study  sites  were  selected  because  their  reclamation 
practice  history  was  considered  favourable  to  restoration  of  native  rough  fescue  grassland 
communities.  The  site  selection  criteria  were: 

- pipelines  situated  in  rough  fescue  grassland 

- native  grassland  adjacent  to  the  pipeline  ROW  to  serve  as  a control 

- ROW  seeded  with  native  seed  mixes,  including  rough  fescue,  if 
possible 

- crests,  south  slopes  and  bottom  lands,  e.g.  areas  suitable  for  fescue 
grassland  growth 

While  these  sites  may  not  represent  most  pipeline  construction,  the  goal  was  to  reduce  the 
number  of  factors  that  could  have  affected  the  success  of  the  restoration  to  those  related  to 
construction  and  reclamation  techniques. 

Results  from  20%  of  the  ROW  sites  confirmed  that  although  a degree  of  restoration 
success  was  present,  based  on  vegetative  cover,  these  sites  had  less  topsoil,  higher  clay 
content,  more  bare  soil,  less  plant  litter,  and  reduced  range  health  scores  than  the 
adjoining  control.  The  construction  practices  that  most  contributed  to  their  recovery  were 
post-growing  season  pipeline  construction,  between  August  and  March,  and  minimum 
disturbance  trench-only  stripping. 

Areas  where  limited  restoration  was  achieved  were  hill  crests  and  south  facing  slopes. 
Aridity  was  hypothesized  as  a factor  encouraging  reclamation  success,  fort  example, 
slightly  higher  levels  of  rough  fescue  establishment  were  observed  in  the  drier  Foothills 
Fescue  environment  as  compared  to  the  Foothills  Parkland. 

Results  from  80%  of  ROW  sites  revealed  that  there  is  a high  risk  that  reclamation 
practices  may  not  result  in  restored  rough  fescue  grassland,  thereby  affecting  the  health 
and  function  of  the  disturbed  area  and  future  options  in  terms  of  values  and  benefits  from 
the  grassland.  The  factors  that  detracted  from  their  recovery  included  growing-season 
construction  and  full  ROW  stripping. 

Seeding  may  not  be  the  best  method  to  achieve  Festuca  campestris  revegetation.  Wild- 
harvested  seed  may  be  unreliable,  seeding  rates  did  not  correlate  with  ensuing  cover,  and 
higher  seeding  rates  may  be  detrimental  to  stand  establishment.  Festuca  ovina,  Festuca 
ovina  var.  duriuscala  and  Festuca  saximontana  cultivars  succeeded  in  establishment 
following  seeding,  persisted  over  time,  infiltrated  neighbouring  grassland,  and  may  inhibit 
natural  recovery  of  native  grasses  and  forbs.  Agropyron  dasystachyum  established  well 
with  seeding  and  it  may  not  inhibit  rough  fescue  association  grasses.  It  was  abundant  on 
most  ROW  sites,  including  those  with  Festuca  campestris/Danthonia  parryi. 

The  soil  heating  of  large  diameter  pipe  could  cause  concentrated  grazing  pressure  by 
attracting  grazing  ungulates  to  early  emergence  of  vegetation  in  the  spring  and  late 
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senescence  in  the  fall.  The  result  could  be  an  increase  in  Festuca  ovina  and  a decrease  in 
Festuca  campestris,  each  having  an  opposite  reaction  to  grazing  in  the  growing  season. 

Reclamation  practices  appeared  more  important  than  time  since  disturbance  in  the 
restoration  of  rough  fescue  grassland.  This  was  demonstrated  by  44  year  old  right-of-way 
sites,  that  had  less  rough  fescue  association  grasses  than  some  of  the  newest  right-of-way 
sites,  7 years  old,  constructed  in  the  winter  with  trench-only  stripping. 

In  summary,  foothills  rough  fescue  grassland  is  highly  sensitive  to  timing  and  extent  of 
disturbance.  The  reclamation  practices  used  in  the  majority  of  the  study  sites  resulted  in 
little  to  no  restoration  of  rough  fescue  grassland.  On  the  other  hand,  some  of  the  sites  did 
show  a successional  trend  towards  rough  fescue  grassland,  a result  of  minimum 
disturbance  techniques  and  seasonal  construction  timing. 

9.0  Recommendations  for  Industry  and  Government 


9.1  Pre-construction  Planning 

Restoration  of  rough  grassland  will  take  many  years;  therefore,  pre-construction 
consultation  processes  should  include  full  disclosure  to  the  land  owner  of  the  amount  of 
time  that  their  land  is  likely  to  look  “different.”  The  landowner  or  leaseholder  must  be 
involved  in  the  reclamation  process;  for  example,  keeping  cattle  off  the  disturbance  for 
the  first  three  to  five  years,  or  locating  non-sensitive  areas  to  situate  oil  and  gas  facilities. 
Alberta  Sustainable  Resource  Public  Lands  range  managers  must  be  consulted  regarding 
grazing  practice  recommendations. 

Festuca  campestris  is  not  a rare  plant  or  a species  of  special  concern;  nevertheless,  site 
assessments  should  be  required  to  draw  attention  to  its  presence,  and,  if  found,  rough 
fescue  grassland  should  trigger  these  guidelines  regarding  native  prairie.  The  difficulty  in 
restoring  rough  fescue  grassland  should  qualify  inclusion  of  Festuca  campestris  plant 
communities  in  the  Foothill  Fescue  and  Foothills  Parkland  subregions  in  Alberta  Natural 
Heritage  Information  Centre  Preliminary  Plant  Community  Tracking  List  (Sinton  1980). 

Avoidance  of  sensitive  sites  and  seasons  should  be  the  over-riding  principle  in  pre- 
development assessments  to  characterize  plant  communities  and  ecological  sites.  This 
will  permit  project  planning  to  avoid  sensitive  cover  types  in  favour  more  resilient  or 
previously  disturbed  land  cover. 

9.2  Construction 


The  fact  that  80%  of  the  study  ROW  sites  showed  little  resemblance  to  rough  fescue 
grassland  - and  those  that  did,  still  were  appreciably  different  from  undisturbed  grassland 
- suggests  that  industry  should  avoid  disturbing  native  fescue  grassland,  if  at  all  possible. 
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In  rough  fescue  grassland,  industry  construction  must  occur  in  the  post  growing  season, 
August  or  later,  and  preferably  in  winter.  Construction  between  April  and  July,  on  rough 
fescue  grassland,  must  be  prohibited,  as  Festuca  campestris  is  particularly  susceptible  to 
growing  season  disturbance. 


The  success  of  trench-only  stripping  for  pipelines  in  this  study  underscores  the 
importance  of  keeping  the  disturbance  as  small  as  possible  and  allowing  natural  recovery 
from  the  undisturbed  grassland.  For  example,  no-strip  techniques  should  be  required  for 
small  diameter  pipe  (<20  cm),  trench-only  stripping  for  larger  diameter  pipe,  and  well 
pad-only  stripping  for  well  sites,  if  appropriate. 

Feathering  and  smoothing  the  topsoil  returned  to  the  ROW  may  not  be  appropriate  in 
rough  fescue  grassland.  Uniform  soils  may  benefit  invasive  species  such  as  Poa  pratensis 
and  Bromus  inermis,  while  rough  conditions  may  inhibit  their  growth,  allowing  Festuca 
campestris  and  its  associated  grasses  to  flourish. 

9.3  Seeding  and  Reclamation 


Provincial  guidelines  declare,  “Disturbances  must  be  reclaimed  to  an  equivalent  land 
capability. . . (e.g.)  native  prairie  landscape.”  What  constitutes  “equivalent  land 
capability”  and  “native  prairie  landscape”  is  open  for  interpretation.  Instead,  seed  mixes 
for  rough  fescue  grassland  should  be  prescribed,  un-approved  changes  must  be  prohibited, 
and  seed  mixes  used  should  be  recorded.  Although  seeding  rates  for  Festuca  campestris 
require  further  study,  this  research  reveals  several  recommendations: 

reduce  the  overall  seeding  rate,  leaving  sufficient  bare  soil  to  allow  natural 
recovery  from  the  adjacent  grassland,  without  undue  erosion  risk 
eliminate  Festuca  ovina  and  Festuca  ovina  var.  duriuscala  and  use 
Festuca  saximontana  sparingly 

reduce  or  eliminate  the  percentage  of  Agropyron  dasystachyum  and 
Agropyron  smithii  and  other  rhizomatous  wheat  grasses;  if  they  exist  in  the 
neighbouring  grassland,  their  rhizomatous  reproduction  would  facilitate 
natural  recovery 

include  early  successional  species,  allowing  time  for  Festuca  campestris 
and  its  associated  grasses  seedlings  to  become  established,  without 
competition  from  persistent  rhizomatous  grasses 
include  native  forbs;  while  their  function  in  fescue  grasslands  is  not 
known,  they  are  present  in  most  fescue  grasslands  and  must  play  a role  in 
grassland  development 

ensure  the  seed  mix  is  compatible  with  the  hydrologic  zone  of  the  site;  for 
example,  if  a pipeline,  two  or  more  seed  mixes  may  be  required 

Rough  fescue  requires  3-5  years  to  become  established  from  seed;  therefore,  a 
monitoring  program  of  a minimum  of  six  years,  should  be  required,  not  only  to  validate 
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seeding  success,  but  also  to  ensure  the  progression  of  natural  recovery.  All  stages  of 
monitoring  should  include  recording  and  reporting  of  the  status  of  the  reclamation  results. 

Most  Festuca  campestris  seed  is  wild-harvested  and  may  have  unreliable  germination 
results.  Germination  testing,  genetic  verification  and  seed  certification  would  improve 
seeding  results.  Field-developed  ecovars  (®  Ducks  Unlimited)  of  Festuca  campestris 
might  result  in  improved  seed  germination  rates. 

The  geographic  demarcation  of  rough  fescue  species  may  merit  a regulation  limiting  the 
geographic  source  of  Festuca  campestris  seed,  similar  to  that  in  place  for  trees.  For 
example,  seed  zonation  governs  wild  seed  for  trees:  “Seed  zones  are  geographic 
subdivisions  of  natural  ecoregions  based  on  general  genetic  criteria.  They  limit  seed 
movement  to  a conservative  area  where  native  trees  of  all  species  can  be  moved  without 
risk  of  maladaptation  or  erosion  of  genetic  integrity  (Wilson  1988).” 

9.4  Range  Health  Assessment 


The  range  health  assessment  process  and  reference  plant  communities,  developed  by 
Sustainable  Resource  Development,  was  determined  to  be  a valuable  tool  for  assessing 
reclamation  success.  Statistical  analysis  of  the  main  components  of  the  range  health 
protocol,  e.g.  species  composition,  litter,  noxious  weeds  and  bare  soil,  resulted  in  similar 
findings  as  the  range  health  scores.  Both  methods  indicated  the  relative  health  or 
reclamation  success  of  the  study  sites. 

The  range  health  assessment  is  a simplified  process  and  readily  learned  by  those  with  a 
basic  understanding  of  range  ecological  status.  It  provides  a quantified  score  that  could 
also  serve  as  a company’s  performance  indicator.  Assessing  range  health  as  a component 
of  the  pre-construction  site  evaluation  would  provide  a baseline,  which  could  be 
compared  to  the  post-reclamation  status.  Range  health  assessment  as  an  element  of  a 
long-term  monitoring  program  would  provide  a tangible  measure  of  the  progress  of  the 
reclamation. 


10.0  Further  Research 

While  avoidance  of  rough  fescue  grassland  will  undoubtedly  preserve  it,  the  reality  is  that 
increasing  oil  and  gas  development  in  the  southwestern  foothills  will  result  in 
disturbances  of  native  grassland.  This  research  shows  that  recovery  may  be  possible,  if 
not  to  an  identical  replacement,  then  to  a successional  path  towards  restoration.  Further 
research  in  the  following  areas  will  aid  in  ensuring  that  rough  fescue  grassland  restoration 
becomes  more  feasible. 
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Further  research  is  required  into  the  seeding  rates  for  Festuca  campestris  and  the 
composition  of  an  appropriate  seed  mix.  The  seeding  rates  for  Festuca  campestris  in  this 
study  ranged  from  0.4  to  6.0  kg/ha,  with  little  correlation  with  the  resulting  cover.  While 
other  factors  may  have  affected  germination  and  stand  establishment,  e.g.  seed  viability  or 
grazing,  the  fact  remains  that  little  is  known  about  Festuca  campestris  seeding  rates  and 
successful  ensuing  growth. 


All  of  the  pipeline  seed  mixes  lacked  native  forbs,  and  only  one  included  any  forb 
(Medicago  sativa);  as  result,  most  of  the  ROW  sites  recovered  to  a grass  monoculture. 
Research  into  the  role  of  forbs  in  rough  fescue  grassland  might  lead  to  clues  as  to  the 
successful  restoration  of  Festuca  campestris. 


While  Festuca  campestris  germinates  readily  (Gitay  and  Wilson  1995),  the  three  to  five 
years  of  stand  establishment  exposes  the  seedlings  to  a variety  of  potentially  destructive 
forces  prior  to  maturity.  To  improve  the  chance  for  Festuca  campestris  stand  survival, 
perhaps  the  best  approach  is  transplanting  three-year-old  seedlings  or  already-mature 
young  stands.  Successful  grassland  reclamation  results  were  obtained  in  Chile,  South 
America,  through  transplanting  Stipa  sp.  and  other  prairie  grasses  (Naeth,  personal 
communication,  2005.  Further  research  could  test  the  viability  of  rough  fescue 
transplants. 


Trench-only  stripping,  which  resulted  in  better  recovery  in  this  study,  meant  that  pipeline 
equipment  travelled  directly  on  undisturbed  rough  fescue  grassland,  in  both  summer  and 
winter.  While  frozen  ground  is  expected  to  be  durable,  thick  black  Chernozem  soil,  in  the 
summer  and  fall,  might  be  less  so.  Research  into  the  resilience  of  rough  fescue  grassland 
to  heavy  equipment  movement  would  greatly  assist  the  route  selection  planning  for  oil 
and  gas  development. 

Research  has  already  proven  that  large  diameter  pipelines  warm  the  surrounding  soil; 
however,  less  is  available  on  the  resulting  effect  on  vegetation.  For  example,  although 
one  107  cm  diameter  pipeline  in  study  area  had  Festuca  campestris  on  the  ROW,  it  is 
possible  that  as  the  plants  age,  the  warmth  of  the  pipe  within  reach  of  their  lower  roots 
could  hamper  their  growth.  This  study  attributed  the  persistence  of  Festuca  ovina  to  the 
surficial  soil  conditions  and  grazing  results  of  a large  diameter  pipe  ROW;  however,  what 
other  factors  might  soil  heating  play  and  to  what  effect  on  other  species? 


Many  of  the  ROW  sites  in  this  study  showed  evidence  of  natural  recovery  and  further 
study  could  reveal  the  potential  of  natural  recovery  by  the  forbs  and  grasses  found  in 
rough  fescue  grassland. 


Poa  pratensis  dominated  a good  portion  of  the  sites.  While  research  is  available  on  the 
persistence  of  Bromus  inermis  in  rough  fescue  grassland,  little  is  known  about  the 
interactions  between  Poa  pratensis  and  Festuca  campestris. 
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Appendix  A:  Plant  Species  Name  Conversions 

Table  A.l  Plant  Species  Name  Conversions 
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ALLITEX  Allium  textile  A.  Nels.  & J.F.  Macbr.  Allium  textile  A.  Nels.  & J.F.  Macbr.  White  wild  onion 

ALNUS  Alnus  sp.  Alnus  sp.  Undifferentiated  Aldei 

AMELALN  Amelanchier  alnifolia  (Nutt.)  Nutt,  ex  M.  Amelanchier  alnifolia  (Nutt.)  Nutt,  ex  M.  Roemer  Saskatoon  berry 

Roemer 


ANELITH  Anemone  lithophila  Rydb.  Anemone  lithophila  Rydb.  Anemone 

ANEMCAN  Anemone  canadensis  L Anemone  canadensis  L Canada  anemone 

ANEMMUL  Anemone  multifida  Poir.  Anemone  multifida  Poir.  Cut-leaved  anemone 
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ASTER  Aster  sp.  Aster  sp.  Undifferentiated  Aster 

A^TjTAUP^  Astragalus  alpinus  L.  Astragalus  alpinus  L,  Alpine  milk  vetch 


Table  A.l  (continued) 

Mnenomic Moss  (1994) Kartesz  (1994) Common  Name 

ASTRAME  Astragalus  americanus  (Hook.)  M.E.  Jones  Astragalus  americanus  (Hook.)  M.E.  Jones  American  milk  vetch 

ASTRCIC  Astragalus  cicer  L.  Astragalus  cicer  L.  Cicer  milk  vetch 
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CERAARV  Cerastium  arvense  L.  Cerastium  arvense  L.  Mouse-eared  chickweed 

CHRYLEU  Chrysanthemum  leucanthemum  L.  Leucanthemum  vulgare  Lam.  Ox-eye  daisy 


Table  A.l  (continued) 

Mnenomic Moss  (1994) Kartesz  (1994) Common  Nami 

CIRSFLO  Cirsium  flodmanii  (Rydb.)  Arthur  Cirsium  flodmanii  (Rydb.)  Arthur  Floodman’s  thistle 

COLLLIN  Collomia  linearis  Nutt.  Collomia  linearis  Nutt.  Collomia 

COMAUMB  Commandra  umbellata  (L.)  Nutt.  Commandra  umbellata  (L.)  Nutt.  Bastard-toadflax 
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Table  A.l  (continued)  

Mnenomic Moss  (1994) Kartesz  (1994) Common  Name 

FESTOVI  Dur  Festuca  ovina  var.  duriuscala  (L.)  Koch.  Festuca  trachyphylla  (Hack.)  Krajina  Hard  fescue 

FESTOVI  Festuca  ovina  L.  Festuca  ovina  L.  Sheep  fescue 
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Table  A.l  (continued) 

Mnenomic Moss  (1994) Kartesz  (1994)  Common  Nan 

KOELMAC  Koeleria  macrantha  (Ledeb.)  J.A.  Schultes  Koeleria  macrantha  (Ledeb.)  J.A.  Schultes  Junegrass 

LATHOC  Lathyrus  ochroleucus  Hook.  Lathyrus  ochroleucus  Hook.  Cream  pea-vine 

LESQARE  Lesquerella  arenosa  (Richards.)  Rydb.  var.  Lesquerella  arenosa  (Richards.)  Rydb.  var.  arenosa  Sand  bladder-pod 
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PET  AC  AN  Petalostemon  candidum  (Willd.)  Michx.  Dalea  Candida  Willd.  var.  Candida  White  Prairie  Clover 

PHLEPRA  Phleum  pratense  L.  Phleum  pratense  L.  Timothy 


Table  A.l  (continued)  

Mnenomic Moss  (1994) Kartesz  (1994) Common  Nam 

POACOMP  Poa  compressa  L.  Poa  compressa  L.  Canada  Bluegrass 

POAINT  Poa  interior  Rydb  Poa  nemoralis  L.  ssp.  interior  (Rydb.)  W.  A.  Weber  Inland  Bluegrass 
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Solidago  canadensis  L.  var.  canadensis  Solidago  canadensis  L.  var.  canadensis 
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